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1. SUMMARY AND RECOMMENDATIONS 
Summary 

The main investigative period of the Grand River Basin Water Management Study 
extended from 1977 to 1981. Its purpose was to define the water management pro- 
blems confronting the Grand river basin, and to develop a viable set of alternative 
water management plans. These plans are designed to meet the following water man- 
agement objectives: 

1) reduce flood damages 
2) provide adequate water supply 
3) maintain adequate water quality. 

This study provides a comprehensive framework to aid elected representatives, of- 
ficials and citizens in resolving water management problems. The framework i s  flex- 
ible enough to accommodate changing water management priorities and needs. It 
provides a means by which new projects and other plans can be evaluated. 

Large scale water management problems are largely confined to the urban and in- 
dustrial middle portion of the basin. Here, the Cities of Cambridge and Brantford 
account for over 85 percent of the $980,000 average annual flood damages experi- 
enced within the basin. In the Kitchener-Waterloo-Cambridge area, the existing 
ground water supply for industrial and domestic consumption will have to be sup- 
plemented in the next five years by additional surface and ground water supplies. 
Low oxygen levels occur during the critical summer period in the central Grand river 
between Kitchener and Glen Morris and in the Speed river downstream from Guelph. 
This is caused by organic waste discharges and nutrient inputs from six municipal 
sewage treatment plants and by upstream rural non-point sources. While water 
management problems are often the most apparent in the middle portion of the basin, 
flooding, water shortages and water quality impairment are encountered throughout 
the basin in rural as well as urban areas. Pollution control measures recommended 
in this report to maintain or improve the water quality within the river basin will 
also benefit Lake Erie, particularly measures to reduce the input of nutrients. 

The basin study examined twenty-six different water management plans and assess- 
ed their relative economic, social and environmental costs and benefits associated 
with meeting the water management objectives. An evaluation process narrowed 
these alternatives down to the following main plans (Table 11.1): 

1, plan A1 utilizes dyking and channelization to minimize flood damages, advanc- 
ed sewage treatment to improve water quality, and induced infiltration wells and 
artificial recharge of aquifers using river water to augment ground water supplies 

2, plan A4 i s  the same as plan A l ,  but, in addition, preserves the option of using 
the Montrose reservoir site for possible future water management purposes. Protec- 
tion of the site can be achieved by acquiring the land as it becomes available and 
by various planning controls 

3. plan B2 proceeds immediately with construction of the Montrose multi-purpose 
dam and reservoir. Flood damage reduction i s  provided by the reservoir as well as 
by dyking and channelization. Water quality is improved by advanced sewage treat- 
ment and increased summer flow from the reservoir. Requirements for advanced 
sewage treatment when compared with plan A are reduced or delayed. Infiltration 
wells and artificial recharge are used to augment ground water supplies as in plan A1 

4. plan C1 is the same as plan A1 with respect to water quality and water supply 
measures. It provides flood protection through the construction of a single-purpose 
or dry reservoir on the Conestogo river at St. Jacobs 



5. plan D incorporates the flood protection and water quality measures of plan A1 
and provides water supply by the construction of a Lake Erie pipeline. 

In the initial review of these plans, the basin study assigned lower rankings to plans 
C1 and D. Plan C l ,  the St. Jacobs single-purpose reservoir option, will not give ade- 
quate flood protection and plan 0, the Lake Erie pipeline option, was deemed to 
be too expensive. 

A detailed evaluation of plans A l ,  A4 and 82 was then carried out. Three of the 
four public consultation working groups, made up of citizens from different 
geographical areas of the basin, preferred plan A1 with minimum environmental 
and social impacts. The fourth group representing the lower portion of the basin, 
preferred plan 82. The water managers who arecharged with the day-to-day respon- 
sibility of operating major flood control, water supply and sewage treatment services 
preferred plan 82 because, in their view, it offered a more reliable and secure water 
management system. 

The overall results of the evaluation incorporating the preferences of all those who 
participated showed that plans A l ,  A4 and 82 were ranked very closely. 

After a detailed review of the various inputs, the Grand River lmplementation Com- 
mittee, the basin study's co-ordinating committee, identified plan A4 as the prefer- 
red plan to meet the water management needs of the basin. 

Recommendations 

A. The Recommended Plan 

1. It i s  recommended that plan A4 and the measures described in the following 
recommendations be implemented. 

The basin study concluded that plan A4 is cost-effective in meeting the water manage- 
ment objectives. It was preferred over plan 82 (the Montrose dam option) for the 
following reasons: 

a) it i s  approximately $25 million cheaper than plan 82 
b) its environmental and social impacts are moderate. The public participation 

program indicated that there would be opposition to the selection of plan 82 
c) it maintains future flexibility by preservingthe option of constructing the Mon- 

trose dam if future water quality or water supply problems require it 
d) it provides a high degree of flood protection for urban areas 
e) it provides for population growth by fully meeting projected municipal water 

demands and improving water quality in the central Grand river 
O it improves water quality in the central Grand river, although the dissolved 

oxygen levels will not fully meet the provincial water quality objectives. While 
plan A4 does not provide as high a water quality as plan 82, it provides a 
reasonable level of protection for most water uses at a substantially lower cost. 

Plan A4 is the same as plan A1 except that land acquisition raises total plan costs 
by $4 million and increases the social impacts. It was preferred over plan A1 primarily 
because it maintains future flexibility by preserving the Montrose reservoir lands. 

In the opinion of the Grand River Implementation Committee, plan A4 represents 
the best overall solution to basin water management problems. The recommendation 
of this plan does not necessarily preclude selection of all or part of another plan. 

This report defines the water management problems confronting the Grand river 
basin and establishes a framework within which water management projects and 
measures can be implemented. The framework is flexible enough to accommodate 
future water management priorities and needs. 



B. Recommendations for Reduction of Flood Damages 

The basin study investigated both structural and non-structural methods of reducing 
flood damages. Structural methods include dyking, channelization, reservoirs and 
flood proofing. Non-structural methods include regulations, zoning and land use 
practices. 

1. I t  i s  recommended that channelization and dyking be constructed to reduce 
flood damages at the major flood damage centres. 

Average annual flood damages at Cambridge, Brantford, Paris, Caledonia, Dunn- 
ville and New Hamburg can be reduced 91 percent by channelization and dyking 
as compared to a 54-56 percent reduction by the Montrose reservoir, the most efii- 
cient of the eight reservoirs investigated. Channelization and dyking is the most cost- 
effective structural method of reducing flood damages. In order to be efiective, each 
dyking and channelization project should be completed as soon as possible. 

2. I t  i s  recommended that Grand River Conservation Authority policies for 
regulating floodplain development be continued in  accordance with provincial 
policies and guidelines and that basin municipalities incorporate floodplain restric- 
tions in their official plans and zoning by-laws. 

Regulating floodplain development is  the best lneans of reducing or eliminating future 
flood damages. While structural projects such as dyking and channelization are useful 
in reducing ilood damages, they do not guarantee immunity from floods at all places 
and at all times. 

3. While existing Grand River Conservation Authority policies control the placing 
and dumping of fi l l  in defined areas, i t  i s  recommended that these policies be 
strengthened by the inclusion of a registered fi l l line along the river valleys. 

Section 28 (f) of the Conservation Authorities Act enables conservalion authorities 
to prohibit or control the placing or dumping of fill in defined areas. In order to 
enforce this section o i  the Act, the Authority must designate the area afiected by 
such dumping with fill lines. At present, only specific source areas are protected 
by fill lines. Designated areas should be expanded to include basin watercourses. 

4. I t  is recommended that the Eramosa valley wetlands be preserved and protected 
from development by planning controls and by acquisition. 

These wetlands adjacent to the river reduce flows by retarding runoff and reducing 
peak flows. They also maintain a high water quality by acting as buffer strips he- 
tween the adjoining agricultural lands and the river. A high water quality ensures 
a low cost supplementary water supply for Cuelph and a suitable habitat for a cold- 
water iishery in the Eramosa river. 

5 .  I t  i s  recommended that a study be carried out to determine what land 
use practices are causing an increase in flood flows and flood volumes on the Grand 
river and what the effects of future land use practices upon flood flows might be. 

At Cambridge (Calt), flood volumes have increased 18 percent and the frequency 
o i  flood occurrences has more than doubled in the last forty years, but the study 
was unable to come to a firm conclusion as to the causes. 



C. Recommendations for Providing Adequate Water Supply 

The basin study determined that the future water needs of the major urban areas 
can be obtained by: 

a) developing new ground water sources for Cambridge and Guelph 
b) developing a new surface water source from the Grand river for Waterloo and 

Kitchener 
C) continued withdrawal from the Grand river for Brantford. 

All other basin communities except Elora and Fergus can meet future demands 
from existing supplies. Elora and Fergus can meet future demands by developing 
new ground water sources. 

1. I t  is recommended that the municipal ground water supplies for Kitchener- 
Waterloo be supplemented by further water withdrawals from the Grand river. 

These withdrawals can be accomplished by induced infiltration wells near the river 
and by pumpingirom the river to recharge ground water at the Mannheim well field. 
Testing is presently being carried out by the Regional Municipality of Waterloo to 
determine the feasibility of this scheme. 

2. It is recommended that prior to the final development of the above water supply 
system: 

a) industrial organics presently seeping from abandoned industrial waste 
disposal sites at Breslube Enterprises, near Kitchener, be eliminated or 
prevented from reaching the adjacent Grand river 

b) a water quality surveillance program be established to evaluate risks from 
possible contamination of the water supply from any sources of synthetic 
organic compounds. 

The most notable potential sources of organic chemicals are the Uniroyai i td.  plant 
at Elmira on Canagagigue creek and the Waterloo sewage treatment plant on the 
Grand river. The recommended surveillance program should be developed to pro- 
tect existing and future surface water supplies, particularly for the Cities o i  Kitchener, 
Waterloo and Brantford. 

3. I t  i s  recommended that: 

a) new ground water supplies be developed near Cambridge to meet future 
demands 

b) the City of Guelph investigate the feasibility of developing new ground water 
supplies, directing its attention toward the southeast of Guelph in order to 
meet future demands past the year 2001 

c) Elora and Fergus carry out test drilling in  a nearby buried bedrock valley 
to assess its potential for future municipal supplies. 

A recent study by the Regional Municipality of Waterloo indicated that there are 
additional ground water supplies located in the areas east and south of Cambridge. 

For Elora, Fergus and Guelph, it is estimated that existing supplies can meet average 
daily demands for a 2001 medium population projection. The Grand river basin study 
has identified favourable locations for test drilling in these areas. 



4. It is recommended that a ground water quality network be established to monitor 
the major water supply aquifers within the basin. 

A ground water surveillance network should be established in the basin to deal with 
existing site-specific problems of contamination or possible contamination of usable 
ground water supplies. In particular, the network should monitor heavy metal, 
pesticides and other inorganic and organic compounds. This network should be 
established as soon as possible. This undertaking should be carried out in conjunc- 
tion with the surface water surveillance program recommended in C.2 (b). 

5. I t  i s  recommended that the water conservation program be continued in the 
Regional Municipality of Waterloo, particularly in Waterloo, Kitchener and Cam- 
bridge, i n  order to reduce municipal water demands. For other municipalities, 
the pursuit of water conservation programs should be evaluated in relation to future 
needs and supply capabilities. 

Water conservation programs embrace a range of actions that aim at reducing average 
and maximum day municipal water demands. A moderate conservation program 
could be expected to reduce average day demand in Kitchener-Waterloo by 10 per- 
cent, and in Cambridge by 15 percent. 

Conservation practices that have been adopted in Guelph are supported and en- 
couraged in light of the potential water supply problem that may occur after the 
year 2001. 

Included in any conservation program should be the consideration of revising the 
existing rate structure. Where appropriate, municipalities should consider moving 
from a decreasing rate structure to a rate structure that encourages water conservation. 

System losses or unbllled consumption appear to be approximately 9 percent higher 
than the provincial average for Guelph and Brantford. Existing programs to trace 
and reduce these losses should be continued. 

D. Recommendations to Maintain Adequate Water Quality 

The basin study concluded that water quality in the central Grand river can be im- 
proved by increased levels o i  sewage treatment at the Kitchener and Waterloo sewage 
treatment plants. Some improvement in water quality can also he obtained by reduc- 
ing upstream rural non-point sources, particularly through the use of erosion con- 
trol measures. 

Water quality in the Speed river will be improved by the recently completed ad- 
vanced sewage treatment facilities at Guelph. If required, further improvement can 
be attained by the installation of additional phosphorus removal facilities. 

1. I n  order to increase dissolved oxygen levels and eliminate ammonia toxicity 
i n  the central portion of the Grand river, i t  i s  recommended that advanced sewage 
treatment facilities be installed at the Kitchener sewage treatment plant as soon 
as possible, and at the Waterloo sewage treatment plant at a later date depending 
on population growth (advanced treatment at the Waterloo plant would be need- 
ed by the year 2001 for a medium population projection). 

An increased level of sewage treatment at Kitchener and Waterloo will improve the 
water quality to a reasonable level in the central Grand river, but the provincial water 
quality objective for dissolved oxygen of 4 mg/L will not always be met in certain 
sections. Plan 82, through the use of flow augmentation from the Montrose reser- 
voir, comes closest to achieving the objective. 



Convening ammonia nitrogen to the nitrate form using rotating biological contac- 
tors (RBCs) and accompanying dual-media filters at Kitchener and Waterloo i s  one 
method of improving the quality of sewage effluent, thus increasing dissolved ox- 
ygen levels and reducing ammonia toxicity in the rivers. The cost of this treatment 
i s  included in all plan cost estimates. 

Achieving the dissolved oxygen objective continuously in all sections of the central 
Grand river would require drastic reductions of oxygen-demanding wastes and 
phosphorus from all point and upstream rural non-point sources. Such large reduc- 
tions from all point sources would be exceedingly expensive. Large reductions from 
non-point sources may be difficult to achieve. Reductions will require long-term, 
continuing improvements in technology and land use practices. 

2. It i s  recommended that the impact of the Guelph advanced sewage treatment 
facilities on  the water quality of the lower Speed river be evaluated throughout 
the next few years to determine i f  additional treatment is required. 

The total effluent characteristics of the recently completed sewage treatment addi- 
tion (rotating biological contactors and dual-media filtration) are not yet known. 
Assumed effluent characteristics were used for analyzing the basin study water 
management alternatives. If after a 2-3 year evaluation period, the Speed river be- 
tween Guelph and Cambridge (Hespeler) is still experiencing very low oxygen levels, 
consideration must be given to reducing further the levels of phosphorus in the 
sewage effluent. One method of reducing phosphorus considered by the basin study 
is the addition of chemical treatment and multi-media filtration at the Guelph sewage 
treatment plant. The cost of this treatment i s  included in all the plan cost estimates. 

3. I n  order to evaluate the effects of existing and proposed water quality im- 
provements, it is recommended that the Ministry of the Environment and the Grand 
River Conservation Authority jointly maintain the existing six continuous water 
quality monitoring stations in  the central Grand river and the lower Speed river. 

With the addition of remote sensing, these gauges would also aid in the real-time 
operation of existing reservoirs and sewage treatment plants. 

4. I t  i s  recommended that the Ministry of Agriculture and Food, as the lead agen- 
cy, carry out studies to determine the effectiveness, type and site specific loca- 
tions of rural non-point source controls. Initially, efforts should be concentrated 
in  the Canagagigue creek, middle Grand river, lwine creek, Cox creek, Conestogo 
and Nith river sub-basins. 

Studies should be carried out to determine: 

a) those critical areas contributing the greatest loadings of sediments and nutrients 
to the streams. Improved management practices should be concentrated in 
these areas 

b) the applicability and effectiveness of various rural non-point source manage- 
ment practices 

C) the relation between the costs ofthese measures and the agricultural and water 
quality benefits obtained 

d) priority of the areas to be treated. 



5. It is recommended that urban areas adopt storm water management practices 
to reduce local flooding and improve stream water quality. 

This study has shown that urban runoff does not affect the flood peak flows of the 
major rivers nor does it materially affect the dissolved oxygen regime in the Grand 
or Speed rivers. However, urban runoff increases bacteria levels immediately 
downstream of the major urban centres on these rivers. Increased levels of bacteria 
pose potential health hazards for incidental contact such as children playing at the 
river's edge. Urban runoff causes more serious flooding and water quality problems 
in small tributaries by raising stream levels rapidly and increasing concentrations of 
metals, bacteria and nutrients. 

6. In order to achieve the flow requirements of plan A4 for both water supply 
and water quality, it is recommended that the Grand River Conservation Authori- 
ty operating policy for the existing reservoirs be modified to achieve the following 
target flows: 

Location 

Grand R. at Shand 
Dam 

Grand R, at Doon 

Period 

JuneSept. 
May-Oct. 
No".-Aor. 

Grand R. at Brant- 
ford 

May-Oct. 

No".-Dec. 
Ian-Apr. 

Conestoga R. at 
Conestoga Dam 

May-Oct. 

No".-Dec. 
Jan.-Apr. 

Speed R. at Guelph 
Dam 

Because of the travel time from the reservoirs to the point of interest, the daily flows can vary from 
the target flow. The travel tlmes from the reservoirs to Doon and Brantford are 30 and 48 hours 
respectively. 

Minimum Flow Targets 

1 1  3 m31s 

No  Target 
Ice * *  

May-Oct. 
Jan.-Apr. 

Speed R, at City 
of Guelph (Hanlon 
Expressway) 

**  When the river is ice covered, flaws cannot be continuously measured 

NIA Not Applicable 

Operating Range' 

Present 

2.8 m31s 
2.8 m31s 

None 

Conditions 

17.0 m31s 

No Target 
Ice " 

Conditions 

May-Oct. 
Jan.~Apr. 

Present 

NIA 
NIA 
NIA 

Recommended 

2.8 m31s 
2.8 m31i 
2.8 m31i 

9.9 m31i 

7.1 m'ls 

2 .1  m'ls 
No Target 

June-Sept. 
May-Oct. 
Jan-Apr. 

Recommended 

NIA 
NIA 
NIA 

17.0 m31s 

No Target 

0.6 m'ls 
No  Target 

11.3 - 
12.7 m31s 
NIA 

2.1 m31s 
No  Target 

1.1 m31s 
1 . I  m31s 
Ice *' 

Conditions 

9.1 - 10.8 m'ls 

6.2 - 7.9 m3/s 

17.0 - 
18.4 m'lr 

NIA 

0.6 m31i 
No Target 

15.6 - 18.4 m3/s 

NIA 

NIA 
NIA 

1.7 m31r 
1 . I  m31r 

NIA 
NIA 

NIA 
NIA 

NIA 
NIA 

NIA 
NIA 

NIA 
NIA 



E. Recommendation to Protect the Montrose Reservoir Site 

1. It is recommended that the Montrose reservoir site be protected for possible 
future water management purposes. 

Protection of the Montrose reservoir site can be achieved by land acquisition and 
planning controls. Acquisition can be carried out over time by purchasing the land 
at the prevailing market price. Planning controls can be utilized in the form of land 
use regulations and zoning. 

At some time in the future the land can either be sold, used for construction of a 
dam and reservoir, or preserved for other uses. In the meantime, the existing 
agricultural land use can be maintained and the site protected from development. 

F. Recommendations to Implement the Plan and Co-ordinate Government Activities 

1. It is recommended that the water management plan be implemented by ex- 
isting government agencies. 

Traditionally, the components o i  plan A4 have been implemented by the following 
agencies: 

Flood control, flood warning, - Grand River Conservation Authority 
dyking and channelization Municipalities 

Ministry o i  Natural Resources 

Flood proofing - Individual landowners 

Water supply projects and - Municipalities 
sewage treatment plants Ministry of the Environment 

Acquisition of Montrose - Grand River Conservation 
reservoir land Authority 

Non-point source pollution 
control 

Individual landowners 
Municipalities 
Grand River Conservation Authority 
Ontario Ministry of Agriculture and 
Food 
Ministry of the Environment 
Ministry of Natural Resources 

Planning controls - Municipalities 
Grand River Conservation Authority 
Ministry of Municipal Affairs and 
Housing 
Ministry of Natural Resources 

2. It is recommended that a committee be established to co-ordinate the activities - of the existing agencies in implementing the water management plan preferred 
by governments. 

. . .- ". The committee would consist of members from implementing ministries and agen- 
. . .. . cies and basin municipalities. The committee would deal with the scheduling and 

. . ~mplementat~on of measures selected to meet the water management needs of the 
+L bas~n. 



3. ~t i s  recommended that such a co-ordinating committee play a lead role in  car- 
rying out a periodic re-evaluation of the plan, co-ordinating investigations and 
recommending new or modified alternatives to achieve the water management 
objectives of the Grand river basin. 

The selected basin plan should be reviewed on an on-going basis and re-evaluated 
every five years. This will ensure that the plan is kept abreast of the latest 
developments in water resources management and that the assumptions made in 
deriving the original plan are still valid. 

4. It i s  recommended that the co-ordinating committee be assisted in its on-going 
review by a small technical staff responsible to the co-ordinating committee. 

The technical staff would aid the co-ordinatingcommittee in reviewing the manage- 
ment plans and undertaking specific water management studies. The capability of 
this staff can be expanded as the need requires by drawing upon the expertise of 
the badin universities and other agencies. 



2. INTRODUCTION 

2.1 Background 

The Grand river, located in southwestern Ontario, 
originates near the Village of Dundalk and picks up its 
major tributaries, the Conestogo, Nith and Speed rivers 
as it winds its way over 300 kilometres (km) (186 miles) 
southeast to Lake Erie collecting water from a drainage 
area of 6,965 square kilometres (km2j (2,689 square 
miles). The average annual i low o i  the Crand river is 55 
cubic metres per second [(m3/s) (1,942cubicfeet per sec- 
ond (cfsj] at the mouth. The flow can rangeirom a max- 
imum of 1,800 m3/s in thespringto a minimum of 6 m3/s 
in the winter. 

Land use within the basin is varied, with agricultural and 
rural land uses dominant in the northern and southern 
portions and urban land uses concentrated in the cen- 
tral portion. Agricultural and urban land uses respectively 
comprise 78 percent and 3 percent of the basin area. 
Wooded and/or idle areas account for approximately 19 
percent o i  the basin area, while less than 1 percent lies 
in other uses. The bulk of the basin's population resides 
in the Citiesoi Kitchener, Waterloo, Cambridge, Guelph 
and Brantford and places high demands and stresses on 
the surface and ground water resources o i  the central 
basin (Fig. 2.1). 

2.2 The Problems 

Three main water management problems have been 
identiiied: flood damage, degraded water quality and 
water supply shortages. These problems are historic in 
natureand occur mainly in the middle part oithe basin. 
However, similar problems occur locally throughout the 
basin. 

Early settlement of the basin during the 1800s by Euro- 
peans iocused on the Grand river and its tributaries as 
the nucleusfor both urban and rural development. Mill 
dams were built to provide water power and the rivers 
were used to supply water and provide convenient 
disposal ior domestic and industrial wastes. Because the 
floodplain serves a natural function in conveying and 
storing water during periods of high ilow, urban develop- 
ment on floodplains gradually created conflicts between 
land use and flood hazards. Moreover, the probability 
o i  ilooding in certain communities such as Cambridge 
(Galt), has increased since the early 1900s (Ref. 1). 
Despite an active program of restricting floodplain 
development and constructing dams and dykes to reduce 
ilooding problems, average annual flood damages in the 
basin exceed $980,000. 

The most serious water quality impairment problems are 
iound in the central basin. Oxygen-demanding organic 
wastes discharged from municipal sewage treatment 
plants deplete the river's oxygen supply. Concurrently, 

nutrient inputs from sewage treatment plants and non- 
point sources stimulate the growth of aquatic plants and 
algae which add oxygen during the day but consume 
large amounts of oxygen during the night. During the 
summer months, the combined effect of these two pro- 
cesses creates severe oxygen depletions and excessive 
plant growth, panicularly in the Speed river for a distance 
o i  20 km (12 miles) below Guelph and in the Crand river 
over a 40 km (25 mile) distance between Kitchener and 
a point north o i  Paris. Toxic substances, suspended 
solids, trace contaminants and bacteria also pose water 
quality problems in some river reaches. 

Water shortage problems in the basin relate principally 
to urban growth in the Kitchener-Waterloo-Cambridge 
area. Past water shortages, particularly during the sum- 
mer months, have led to the imposition o i  water use 
restrictions. To accommodate future urban growth, the 
existing ground water supplies must be supplemented 
by additional suriace and ground water within the next 
five years. With continued use of river water by the com- 
munities of Brantiord and Cayuga and probable iuture 
extraction o i  river water to supplement water supplies 
by the Cities of Kitchener, Waterloo and Cambridge, 
careiul water quality and quantity control will be 
required. 

2.3 The Issues 

Several issues allied with the problems discussed 
previously stimulate controversy in dealing with some 
past or proposed water management solutions. 

One issue i s  the perceived inequity o i  constructing an 
additional multi-purpose dam and reservoir, the Mon- 
trose, in a rural area to solve urban problems of flooding 
and water quality (Fig. 9.2). 

A second issue focuses on the propriety of urban 
municipalities abstracting increasing amounts oiground 
water from rural areas. Although past ground water in- 
terference problems in areasof high abstraction near Kit- 
chener and Waterloo have been corrected to a high 
degree by the Regional Municipality of Waterloo under 
the provisions of the Ontario Water Resources Act, future 
conflicts may arise as a result of increases in water 
demand. 

An issue associated with the flood damage problem is 
the question oigovernments restricting rural and urban 
development in the floodplain. 

Another issue involves the question o i  the eiiect o i  
agricultural runoff on ilow and water quality problems 
in the river. 

An ever-recurring issue is the preference of some urban 
and rural citizens for a Great Lakes pipeline to supply 
the needs of Kitchener, Waterloo and Cambridge over 
alternative ground water or river sources of supply. 



gure 2.1. Location map of the Orand River basin. 





2.4 The Basin Study 

With the responsibility tor solving flood damage, water 
quality and water shortage problems divided among 
several government bodies, it was felt that an inter- 
agency, basin-wide study was required to provide a com- 
prehensive water management plan. The necessity ior 
developinga comprehensive plan was acknowledged in 
two provincial reports entitled "Review o i  Planning for 
the Grand River Watershed", 1971 (Ref. 2) and "Royal 
Commission Inquiry into the Grand River Flood", 1974 
(Ref. 3) .  

Between the years 1972 and 1977, many water manage- 
ment problems were investigated on an individual basis 
co-operatively by the Province, basin municipalities and 
the Grand River Conservation Authority, the results of 
which provided base data ior a more comprehensive 
water management study. In 1977, theGrand River Basin 
Water Management Study was approved. The study was 
directed by the Grand River Implementation Commit- 
tee, with members representing the provincial Ministries 
of Agriculture and Food, Environment, Municipal Affairs 
and Housing, Natural Resources, Treasury and 
Economics and the Grand River Conservation Authority 

(Appendix A). Field investigations and analysis of infor- 
mation on water quality, streamflow, ground water 
resources and land use practices were completed dur- 
ing the period from 1977 to 1981. 

Opinions regarding water management problems and 
proposed solutions were solicited through a series of 
public meetings and four public consultation working 
groups representing the upper, mid-upper, mid-lower and 
lower regions of the basin (Rei. Tech. Report Nos. 21 and 
43) .  

2.5 Acknowledgements 

This report is the product o i  the constructive eiforts of 
many individuals and agencies whose active co- 
operation resulted in a comprehensive study. The co- 
operation was much appreciated and many thanks are 
extended to all who participated. 

In particular, thanks are extended to the Ministries of the 
Environment and Natural Resources, the Grand River 
Conservation Authority, and basin municipalities ior fur- 
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UPPER BASIN: Grand river at Elora 
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3. THE GRAND RIVER BASIN 

3.1 Past and Present 

Bas6d on physical characteristics, the basin can be divid- 
ed into three distinct units: upper, middle and lower. 

The upper basin i s  dominated by a gently rolling iand- 
scape. Surface materials are composed primarily o i  silt 
and clay tills which promote large volumes o i  runoff. 
Where the terrain is relatively flat, the runoif process is 
impeded and swamps such as the Luther marsh result. 
A combination of steep river grades, 1.6 metres per 
kilometre (mlkm) (8.4 itlmi), and channels less than I 
metre (3.3 feet) in depth encourage average river 
velocities of 1.8 metres per second (mls) (5.9 ftlsec) and 
contribute to high river discharges. Underlying the up- 
per basin are permeable limestone and bedrock forma- 
tions which provide high quality ground water sources. 

Settlers were attracted to the area, in part because oithe 
availability of water and the potential the river aiiorded 
to provide power to operate mills. Although scattered 
small communities were established, several factors con- 
tributed to impede development. Agricultural develop- 
ment in some areas was hampered since a system of ar- 
tificial drains was required in order to cultivate land or 
increase its agricultural productivity. Agriculture was also 

limited by a relatively short growing season. Small grains, 
hays and improved pasture became predominant agri- 
cultural land uses. Furthermore, development was 
restrained because transportation and communication 
links were established more intensively in other areas o i  
the basin. In 1980, the population in the upper part of 
the basin represented less than 5 percent of the total 
basin population with the majority of people residing in 
the communities o i  Dundalk, Grand Valley, Arthur, 
Drayton, Fergus and Elora. 

The middle basin is rugged and hilly, dissected by the 
broad valleys o i  the Conestogo and Nith rivers and by 
extensive areas of alluvial terraces adjacent to the Grand 
river. Although till deposits are abundant throughout, 
kame and outwash sands and gravels with some shallow 
water deltaic and beach deposits predominate. These 
deposits are generally well drained, and are extensive 
in the Kitchener-Waterloo area where they form excellent 
ground water aquifers. The hydrologic characteristics o i  
the river are generally similar to the upper reaches since 
river channels are shallow and river grades steep. The 
middle basin is underlain by limestorfe and bedrock for- 
mations which in the east give rise to one of the most 
productive aquiier complexes in Ontario. To the west, 
ground water quality in the bedrock decreases as a result 
of the presence of sulphates and iron in the bedrock. For- 
tunately, sands and gravels in the western overburden 
aquifer furnish good quality water. 

MIDDLE BASIN: Grand rlver at West Montrose 



MIDDLE BASIN: Grand river at Cambridge (Galt). Note recently constructed dykes in foreground 
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Because of the advantages in terms of abundant, high- 
quality water supply; potential power for mill operation 
and electricity; and easily cultivated flats, plus the area's 
proximity and accessibility to major Ontario centres, the 
middle basin became the focus for development. Com- 
munities which grew around mills and developed on 
valley flats include Guelph, Galt*, Hespeler', Preston*, 
Paris, New Hamburg and Brantford. Major industries 
established during the formative years focused on the 
production of food and beverages, clothing, and textiles. 
Later, additional light and heavy manufacturing industries 
were establish :d. Favourable climate combined with the 
well drained and fertile soils of the middle basin pro- 
moted cultivation of grains, hay and row crops, par- 
ticularly in the basins of the lower Conestogo river, 
Canagagigue creek and Nith river. In 1980, close to 90 
percent of the basin residents lived in the middle basin, 
the majority residing in the Cities of Kitchener, Waterloo, 
Cambridge, Guelph and Brantford. 

A relatively flat terrain is  characteristic ofthe lower basin 

*These communities were amalgamated in 7973 to form 
the City o f  Cambridge. 

Surface materials are composed of sands and silts in the 
Whiteman creek watershed and a mixture of heavily tex- 
tured stratified clay and till in the remainderofthe basin. 
Because low infiltration rates and flat terrain promote 
large volumes of surface runoff and poor outlet condi- 
tions, local flooding results. The lower reaches ofthe river 
flow through broad river valleys at an average grade of 
0.23 mlkm (1.2 ftlmi) and an average velocity of 1.2 mls 
(4 ftlsec). Low river grades and broad river valleys also 
contribute to local flooding. Bedrock formations underly- 
ing the lower basin provide poor quality ground water 
with high levels of sulphate. 

Early development was hampered by marshy river banks 
and unproductive agricultural land in the extreme south. 
However, the production of tobacco and other row crops 
flourished in the sandy soils of the Whiteman and 
McKenzie creek basins. With development opportunities 
focused in the middle basin, settlement in the lower basin 
occurred in small communities scattered along the river 
banks. In 1976, less than 7 percent of the basin popula- 
tion inhabited the lower basin, with many of the residents 
living in the communities of Cayuga, Caledonia and 
Dunnville. 

LOWER BASIN: Grand river 



MOUTH OF THE GRAND RIVER: Grand river as it enters Lake Erie 
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Figure 3.1. Population projectionsfor the Grand River basin. 



Table 3.1 Past and Projected Urban and Rural Population Growth Within the Grand River Basin 

CITIES 

Kitchener 

Waterloo 

Cambridge 

Guelph 

Brantiord 

Total 

20011 

1921 1941 1966 1976 Low Low*** Low Medium High Low Low"' Low 

% of watershed population 47.5 53.0 68.2 71.8 74.8 76.0 75.4 74.2 75.2 75.7 
Average Annual Growth Rate (46)  1.3 3.3 3.4 1.3 1.6 2.1 2.3 1 .0 1 .O 

2031'- 

Medium High 

Incorporated Towns and Villages 

Total Population 18,589 20,818 35,961 44,041 59,667 59,667 70,020 80,272 M.869 80,869 11 2,758 143,974 
% of watershed population 9.1 8.8 8.7 8.0 8.1 7.7 8.1 8.5 8.9 8.8 8.7 9.0 
Average Annual Growth Rate ("A) 0.6 2.2 2.1 1.2 1.2 1.9 2.4 1.1 1.1 1.7 2.2 

Rural Areas (including 
unincorporated rural hamlets) 

Total Population 88,204 89,795 95,118 110,186 127,189 127,189 143.074 161,622 142,146 142,146 199,434 269,332 
% of watershed population 43.4 38.0 23.1 20.1 17.4 16.3 16.5 17.2 15.7 15.5 15.3 16.8 
Average Annual Growth Rate i%) 0.1 0.2 1.5 0.6 0.6 1.1 1.5 0.5 0.5 1.1 1.6 

Total Watershed Population 203,423 235,624 411,599 547,786 734,526 778,857 866,880 939,043 902,949 918,909 1,302,609 1,600,444 
Average Annual Growth Rate (%) 0.7 2.3 2.8 1.2 1.4 1.9 2.2 0.9 0.9 1.6 2.0 

Growth rater apply for the years between 1976 and 2001. 

* *  Growth rater apply ior the years between 1976 and 2031 

"' Growth rater were estimated only for the Cities of Kitchener, Waterloo and Cambridge. 



3.2 Future Trends 3.2.2 Rural 

3.2.1 Urban 

About 80 percent of the basin population resided in ur- 
ban centres in 1980, with the Cities of Brantford, Cam- 
bridge, Guelph, Kitchener and Waterloo having almost 
90 percent of the urban population. 

In 1980, the basin population was 573,000. Projections 
indicate that the basin population could range between 
735,000 and 939,000 by the year 2001, and between 
903,000 and 1,600,000 by the year 2031 (Fig. 3.1). Since 
most of the population growth is forecast for existing ur- 
ban centres, the percentage of basin population residing 
in urban areas is expected to increase to 85 percent. In 
rural areas, population growth i s  predicted for unincor- 
porated communities, If these communities were con- 
sidered urban, the percentage of basin population 
residing in urban areas would exceed 90 percent after 
the year 2001 (Table 3.1; and Ref. Tech. Report No. 12). 

Rural land use is not expected to alter dramatically in 
the future. However, several general trends have been 
discerned which may change the pattern of agricultural 
land use. Throughout the basin, an increase in row crop 
production, with crop rotation being practised to main- 
tain soil nutrients, is forecast, replacing some small grains, 
hay and improved pasture. A trend towards larger iarm- 
ing units, fewer farmers and specialization of activities 
is also expected. With the cost of chemical fertilizers 
increasing rapidly, the use of manure as a nutrient sup- 
plement will expand (Ref. Tech. Report No. 8). 

In the upper basin, the amount of land cultivated in row 
crops, mainly corn, may increase significantly, particular- 
ly south of the Luther marsh. In poorly drained areas, 
an increase in land under drainage is expected to in- 
crease agricultural productivity. 

Expansion of the diverse industrial, commercial and ser- 
vice base within the basin is  expected to provide employ- 
ment opportunities to support additional population 
growth. In 1980, over 30 percent of the basin residents 
employed by industry were involved in the production 
of machinery, metal fabricating and electrical products. 
The employment opportunities for these activities are an- 
ticipated to remain high in the future, while the percen- 
tage of people employed by industry as a whole i s  ex- 
pected to remain steady. Employment opportunities in 
wholesale and retail trade; finance, insurance and real 
estate; and community, business and personal services 
are predicted to increase significantly, particularly in the 
major urban centres 

FEEDLOT OPERATION: Livestock represents an important 
farm industry in the middle Grand river basin 

HARVESTING CORN: The primary row crop of the 
Grand river basin 

The most drastic changes in rural land uses are forecast 
for the middle basin where land i s  intensively cropped. 
An increase in row crops, particularly corn, i s  expected. 
The production of fresh vegetables in areas adjacent to 
the major urban centres may materialize to offset high 
transportation costs. A gradual increase in the number 
of livestock is projected for the middle basin, many of 
which will be raised in newly constructed feedlot 
operations. 

Significant increases in the cultivation of corn and soy- 
beans are predicted for the iower basin, in addition to 
the production of market garden crops. A corresponding 
increase in irrigation on sandy and sandy loam soils may 
occur to increase row crop productivity. Tobacco will 
remain an important crop in the Whiteman and McKen- 
zie creek basins. 



4. WATER RESOURCES 

4.1 Surface Water Quantity 

The natural flow regime o i  the Grand river is highly 
variable. For example, a minimum 7-day flow at Cam- 
bridge (Galt) of 1.1 cubic metres per second (m3/s) [37 
cubic feet per second (cis)] was recorded in August 1936 
- a flow well below the level required to maintain ade- 
quate water quality. It was calculated that under natural 
flow conditions, a maximum instantaneous flow of 1,642 
m'ls (58,000cfs) would haveoccurred atcambridge (Galt) 
during April, 1975 but this flow was reduced by reser- 
voir operations to about 852 ni'ls (30,100cfs). Since ma- 
jor flooding occurs with ilows greater than approximately 
850 mJ/s (30,000 cis), reservoir operations reduced the 
flow sufficiently to avoid significant flood damage. 

To improve the water quality and reduce flooding pro- 
blems created by iluctuating flow conditions, five multi- 
purpose dams have been constructed: Shand (1942). 
Luther (19521, Conestogo (1958), Woolwich (1974), and 
Guelph (1976) (Fig. 2.1). These reservoirs are operated 
to reduce peak flows, particularly during the spring 
freshet. During the summer, stored water is released to 
augment low summer flows. The effects of the Luther, 
Woolwich and Guelph dams are mainly local on the up- 
per Grand, Canagagigue and Speed rivers, respectively. 
The Shand dam, which created the Belwood reservoir. 
and the Conestogo dam have major impacts both local- 
ly and on the middle and lower Grand river. 

The effect of existing reservoir operation on the flow 
regime of the middleGrand river i s  illustrated fora typical 
year (1977) at Cambridge (Galt). In 1977, reservoir opera- 
tion caused a reduction in the spring flood peak from 
1 , I  90 m3/s to 566 m3/s (42,000cfs to 20,000 cfs), thereby 
eliminating the threat of flooding (Fig. 4.1). Minimum 
flow targets were met by augmenting flows during a 
120-day period between June and September (Fig. 4.2). 

Flows would have fallen below the required minimum 
target of 11 m3/s 1400 cis) on fifty-one days if there had 
been no flow augmentation. Flow augmentation from the 
existing reservoirs increases the river's self-purification 
abilities and thus the levels of dissolved oxygen in the 
central Grand river (Fig. 4.3). At a reach below Kitchener 
during the month of August, existing flow augmentation 
can increase the time that dissolved oxygen levels remain 
above a warm water fishery criteria of 4 mgIL, by about 
20 percent over unregulated natural flow conditions. 

During the summer months, the Shand and Conestogo 
dams currently are operated to maintain a river flow of 
I 7  m'ls (600 cis) at Brantford and 11.3 m'ls (400 cfs) at 
Doon. Reservoir yield analysis indicates that a river flow 
of 17 mils (600 cis) at Brantford and 9.9 m3/s (350 cis) at 
Doon can be maintained from May to October. As long 
as reservoir storage is available, it is possible to augment 
river flows into the winter months. Although winter river 
flows at Doon may drop as low as 1.4 rn'/s(50cfs),flows 
normally remain above 2.8 m'ls (100 cfsi from 
November to April. 

CONESTOGO DAM AND RESERVOIR 

4.1 
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Figure 4.3. Effect of flow augmentation upon summerdissolved oxygen levels, Grand Riverat 

Blair labove confluence of Grand River and Speed River). 

A comparison of the probability of obtaining summer 
flows under existing reservoir operations and under 
natural conditions i s  shown for the Grand river at Doon 
and Brantford, and the Speed river at Guelph (Fig. 4.4). 
It can be seen that existing reservoir operations sig- 
nificantly increase the probability of maintaining ade- 
quate flows at these locations. 

4.2 Surface Water Quality 

Surface water quality directly influences all of the major 
water uses of the Grand river and its tributary streams. 
Fish survival, diversity and growth; recreational activities 
such as swimming and boating; municipal, industrial and 
private water supplies; agricultural uses such as irriga- 
tion and livestock watering; waste disposal; and general 
aesthetics are all affected by the physical, chemical, 
biological and microbiological conditions which exist in 
the watercourse. 

Water quality is influenced by natural conditions such 
as basin geology. This i s  observed in the lower Grand 
river which appears turbid - a condition which arises 
as the river flows through large clay plains and receives 
sediment. Forthe most part, serious pollution or use im- 

pairment in the Grand river i s  the direct result of human 
activities. Sources of pollution can generally be classified 
into two categories: point sources and non-point or dif- 
fuse sources. 

Through investigations conducted as part of the basin 
study, the IJC-Pollution from Land Use Activities 
Reference Group (PLUARG) studies of the mid-1970s, 
and the surveillance programs of the Ministry of the En- 
vironment and the Grand River Conservation Authority, 
a great deal is known about water quality, use impair- 
ment and pollution sources throughout the basin. 

In broad terms, it can be stated that water quality condi- 
tions in many areas of the basin are satisfactory and do 
not affect normal uses. Water quality impairment 
resultingfrom waste inputs from small municipalities and 
agricultural operations is usually localized, causing no use 
restrictions in downstream reaches. One problem which 
affects many basin watercourses is nutrient enrichment 
by phosphorus and the attendant problems of excessive 
aquatic plant and algae growth which, in turn, can af- 
fect fish and aquatic life habitat, municipal water supply 
and general aesthetics. 
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The most serious pollution problems in the basin are 
found in the vicinity of the municipalities of Waterloo, 
Kitchener, Cambridge and Guelph. These problems are 
very complex. Oxygen-demanding organic wastewater 
discharges from the municipal sewage treatment plants 
deplete the oxygen resources of the watercourse. 
Concurrently, nutrient inputs from the sewage treatment 
plants and non-point sources stimulate the growth of 
aquatic plants and algae which, through the photosyn- 
thesis-respiration process, produce large quantities of 
oxygen during the day and consume oxygen during the 
night. The combined effects of the organic waste 
demands and the diurnal cycling of dissolved oxygen, 
along with the physical choking of some river reaches 
by dense aquatic plant growths, render some sections 
of the river unsuitable habitats for fish and other desirable 
aquatic organisms. Further complications arise as fish, 
already under stress from low oxygen lev&, become more 
susceptible to the toxic effects of other substances such 
as un-ionized free ammonia and heavy metals such as 
copper and zinc. These substances now marginally ex- 
ceed the provincial water quality objectives for the pro- 
tection of fish and aquatic life in the critical area of the 
river between Kitchener and Paris. 

With respect to effects on humans, degraded water quali- 
ty affects river aesthetics with unsightly accumulations 
of aquatic plants and with odours when oxygen resources 
are totally depleted or when aquatic plants decay. 
Bacterial contamination from sewage treatment plant 
discharges and land drainage create a potential risk to 
public health. Use of the river as a source of water supply 
can also be hampered or treatment costs substantially 
increased by the discharge of nutrients and a wide variety 
of compounds found in domestic and industrial wastes, 
urban stormwater drainage and rural non-point sources. 

For example, although the growth of free-floating algae 
in the Grand river nearthe Brantford water works intake 
causes no serious water quality problems, it necessitates 
the city's use of activated carbon in its treatment pro- 
cess to forestall the possibility of taste problems. This ad- 
ditional treatment requirement substantially increases the 
annual water works operating costs. Nutrient enrich- 
ment, suspended particulates or trace contaminants 
could also affect the proposed ground water recharge 
scheme in the Regional Municipality of Waterloo by re- 
quiring costly treatment before the water is suitable for 
recharge into the ground water aquifer. 

4.3 Ground Water Quantity 

Ground water serves as a major source of supply for a 
variety of basin uses, rangingfrom low-capacity, private 
domestic household uses to high-capacity, industrial and 
municipal supplies. Ground water is found throughout 
the basin in bedrock formations and overburden materi- 
als. However, the variability in quantity and quality 

at different locations makes the problems of supply and 
demand complex. 

Areas with various potential yields were mapped as part 
of the ground water investigations for the study (Ref. 
Tech. Report No. 10). Areas with yields less than 4 litres 
per second (Us) [50 gallons per minute (gpm)] are 
generally not suitable for future exploration for large-scale 
municipal demands, but commonly meet private 
domestic requirements satisfactorily. 

Ground Water In Bedrock 

Ground water yields from bedrock in the northern part 
of the basin are judged to be up to 8 Lls (100 gpm), with 
scattered areas yielding over 15 Lls (200 gpm). In the cen- 
tral basin, anticipated yields exceed 15 Lls. South of 
Brantford, yields of less than 4 Lls (50 gpm) are expected. 
While high-yield areas in bedrock correspond mainly to 
areas of the Guelph and Amabel-Lockport formations 
which occur in the eastern half of the basin, a large area 
of probable yields greater than 15 Lls, i s  located in the 
Salina formation northwest of Kitchener-Waterloo (Fig. 
4.5). In spiteof the high yields likely from the Salina for- 
mation, much of the ground water is of poor quality and 
may not be acceptable for communal or private domestic 
purposes. 

Ground Water In Overburden Materials 

In overburden materials, ground water is  readily available 
from sands and gravels which are sufficiently permeable 
to provide large amounts of water to wells. Where 
deposits are thick and extensive, aquifers capable of pro- 
viding water in sufficient quantities to satisfy municipal 
needs are common. Ground water from most sand and 
gravel formations is of acceptable quality, with minimum 
treatment necessary for municipal uses. 

Fine-grained sediments such as silts, clays and tills, 
although highly porous, are usually not permeable 
enough to yield water readily to wells. 

Probable ground water yields in overburden north of Ar- 
thur and south of Brantford are less than 4 Lls (50 gpm) 
but are adequate for private domestic uses. Localized 
yields of greater than 15 Lls (200 gpm) are found in the 
central basin (Fig. 4.6). These high-yield areas currently 
supply the municipalities of Kitchener, Waterloo, Cam- 
bridge and Guelph and will be further utilized to meet 
expanding municipal needs. 

4.4 Ground Water Quality 

Water quality plays an important role in the development 
of ground water in the basin. Although water from 
bedrock and overburden in most areas is of acceptable 
quality for domestic uses, there are areas where ground 
water is of poor quality and water use is restricted. 
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Ground water quality i s  related to the geology of the 
medium through which the water passes. The 
hydrochemistry of water in bedrock in the Grand river 
basin is related to the three main bedrock formations - 
the Salina, the Cuelph and the Amabel-Lockport forma- 
tions. The Salina formation is composed of limestones, 
dolomites, shales, and evaporite deposits consisting of 
anhydrite, gypsum and salts. When ground water moves 
through these deposits, dissolution of the various 
minerals occurs. This process produces high levels of 
total dissolved solids in water from the Salina formation. 
The Guelph and Amabel-Lockport formations are com- 
posed mainly of limestones and dolomites, which con- 
sist predominantly of calcite (CaCO,) and dolomite 
(CaMg(CO,),). As ground water moves through these for- 
mations, dissolution of calcite and dolomite occurs. This 

process results in lower levels of total dissolved solids 
in the ground waters of the Guelph and Amabel-Lockport 
formations than in those of the Salina formation. 

Ground water in bedrock in the northern and eastern 
portions of the basin (corresponding to the Guelph and 
the Amabel-Lockport formations) i s  of calcium- 
bicarbonate type, has moderate concentrations of total 
dissolved solids and is generally very hard. Ground water 
in the western and southern portions of the basin (cor- 
responding to the Salina formation) is of calcium-sulphate 
type, i s  very hard, and has high concentrations of total 
dissolved solids in excess of the permissible level, with 
the highest levels occurring in wells developed in the 
Salina formation. 
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5. WATER USES 
5.1.2 Industrial 

The water resources of the Grand river basin are used 
ior a wide variety of purposes including water supply, 
waste disposal, recreation, and fish and wildlife habitat 
(Tables 5.1 and 5.2). Estimates of existing water use in 
the basin are described in the following sections. 

5.1 Water Supply 

5.1.1 Municipal 

The greatest consumptive use oiwater in the basin i s  for 
urban and rural domestic purposes. An average of 
240,915 cubic metres per day (m3/d) ((53 million gallons 
per day) (mgd)] is required to meet the municipal water 
needs o i  the urban population. Ofthis amount, 22 per- 
cent i s  supplied irom surface water and 78 percent irom 
ground water (Fig. 5.1). The remainder of the basin 
population uses approximately 25,455 m'ld (5.6 rngd) 
irom ground water sources for rural domestic purposes. 

Almost 90 percent of the municipal water demand oc- 
curs in the urban centres o i  Kitchener, Waterloo, Cam- 
bridge, Guelph and Brantford. With the exception of 
Brantiord, this concentrated demand relies mainly on 
ground water supplies. 

Although water consumption data for industries obtain- 
ing water from municipal sources have not been com- 
piled separately, it was estimated that in 1978, an average 
of 30 percent o i  municipal water consumption in the ma- 
jor urban centres i s  for industrial service. In addition, in- 
dustries not connected to a municipal water supply 
system withdrew about 145,458 m'ld (32 mgd) which 
represents a substantial proportion o i  the total basin 
water withdrawals. Most o i  the industrial water needs 
provided by non-municipal sources occur in the middle 
and lower parts o i  the basin. 

Over 60 percent o i  the water withdrawn directly ior in- 
dustrial use is obtained irom ground water sources in- 
cluding wells and dugout ponds. Uses, in order of 
decreasing amounts o i  water withdrawn, include 
washing aggregates and dewatering gravel pits, industrial 
cooling, food processing and industrial processing, pollu- 
tion control, and miscellaneous purposes. Water used 
in aggregate processing is generally discharged to settl- 
ing ponds and eventually returned to the ground water 
system through natural seepage or to streams, while 
water used ior industrial cooling and processing by 
manuiacturers is generally discharged to existing 
municipal sewer systems. 

WATER TREATMENT PLANT AT BRANTFORD: Water is supplied from the Grand river 
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Table 5.1 Existing Urban and Rural Water Uses 
(cubic metres per day x 1000) 

Recreational 
1978 

Irrigation 
Golf 1978 

Sub-basin Irrigation 
:rops/Sod 1978 

Livestock 
1976 

Municipal 
1978 

Rural Do- 
mestic 1978 

Industrial 
1978-79 Total 

Lower Grand River 147.03 + 1 
storage pond 

13 storage 
ponds 

Whiteman Creek 

Nith River 

1 storage pond 

0.10 + 17 
storage ponds 

Paris and Middle 
Grand River 

10.70 + 28 
storage ponds 

Conestogo River 3 storage 
oonds 

Upper Grand River 3 storage 
ponds 

Total Estimated 
Withdrawal Rate* 
(m3/d x 1000) 

Percent of Total 
Estimated With- 
drawal Rate 

Total Estimated 
Annual Withdrawal 
Volume** 
(m3 x 1000) 

Percent of Total 
Estimated With- 
drawal Volume 

Note: 1 million gallons per day (mgd) = 4546 cubic metres per day (mild) 

* The irrigation rates are used only for short periods of time during the summer months 
* *  These are annual volumes based on the duration and rate of use during the year. 



Table 5.2 Existing Recreational Water Uses 

Sub-basin 

Lower Grand River 

Whiteman Creek 

Nith River 

Paris 

Middle Grand River 

- Grand River 

- Speed River 

- Eramosa River 

- Guelph Reservoir 

Conestogo River 

- Conestogo Reservoir 

Upper Grand River 

- Luther Marsh 

- Belwood Reservoir 

Fishery 

Warm Cold 

major moderate 

minor minor 

moderate minor 

moderate minor 

moderate minor 

major minor 

moderate moderate 

moderate moderate 

major minor 

moderate minor 

moderate moderate- 
minor 

minor minor 

moderate- minor 
minor 

moderate- minor 
major 

Aesthetics 

moderate- 
major 

major 

moderate 

major- 
moderate 

major- 
moderate 

moderate 

moderate- 
major 

major 

major 

moderate- 
minor 

major 

major 

major 

major 

Body Contact 
Recreation 

major 

minor 

minor 

minor 

moderate 

minor 

minor 

moderate 

major 

minor 

major 

minor 

minor 

major 

Boating 

major 

minor 

minor 

minor 

minor 

minor 

minor 

minor 

major 

minor 

major 

minor 

minor 

major 



The remaining industrial supply i s  obtained irom surface 
water and is used mainly ior mineral extraction and pro- 
cessing (sand, grave!, limestone). The waste is usually 
discharged to settling ponds and returned to the suriace 
water source. On the average, approximately I percent 
of the total volume of water used is lost through evapora- 
tion during an eight month operation period between 
April and November. 

5.1.3 Agricultural 

Within the Grand river basin, water is used for two main 
agricultural purposes: watering livestock and irrigating 
crops. 

Based on the number of livestock in the basin, the 
aniount o i  water used in 1976 ior livestock consump- 
tion was estimated to be about 35,000 m31d (7.7 mgd). 
Water supplies ior feedlot and poultryfarm operations 
are primarily obtained irom wells. Pastured cattle and 
mixed herds on small farms are watered irom a variety 
of sources, including streams, ponds, springs, and drill- 
ed or dug wells. The largest livestock demands occur in 
the basins of the middle Grand and Nith rivers. 

Water use for farm crop irrigation occurs between the 
lnonths o i  June and August. Considerable areas of tobac- 
co and some market garden crops requiring irrigation are 
grown on the sandy soils in the watersheds of Whiteman, 
Mt. Pleasant and McKenzie creeks. As of 1979, the On- 
tario Ministry of the Environment authorized a maximum 
water withdrawal rate for irrigation o i  about 442,400 
mild (97 rngd) with 88 percent oithisamount from suriace 
water sources. Actual water withdrawals are generally 
much less than those permitted by the Ministry. Studies 
indicate that, on the average, approximately 2.5 percent 
o i  the authorized withdrawals ior irrigation occur 
simultaneously. The most intensive irrigation occurs in 
a relatively short time period when the crops are near- 
ing maturity. At present, tobacco i s  the crop most com- 
monly irrigated. Irrigation water demands tend to coin- 
cide with the period of lowest water availability in 
streams and therefore represent a significant potential im- 
pact on the suriace water regime. 

5.1.4 Summary of Water Supply Uses 

The total known withdrawal uses in the basin range from 
a yearly average o i  456,600 m'ld or 3 m3/s (100 rngd) to 
a daily maximum of 91 9,700 mJ/d or 10 m'ls (202 mgd) 
during the summer months assuming maximum 
simultaneous withdrawal for irrigation and recreational 
uses (Table 5.1; and Ref. Tech. Report No. 26). 

5.2 Waste Assimilation 

Water bodies such as the Grand river have the ability 
to accept and assimilate a certain amount o i  oxygen- 
demanding wastes and other biodegradable wastes. 
However, if too much organic material is  discharged, ox- 
ygen resources may become severely depleted leaving 
insufficient oxygen for iish and other organisms. Thus, 
there i s  need ior a balance between waste discharged 
into a river and the river's ability to safely absorb these 
wastes. The following sections describe the municipal, 
industrial and agricultural sources oipollution which ai- 
fect the Grand river system. 

5.2.1 Municipal Wastes 

In 1980, over 80 percent ofthe urban basin population 
was serviced by wastewater treatment systems discharg- 
ing to the Grand river and its tributaries. The remainder 
of the population used septic tanks and tile iield systems 
(Fig. 5.2). 

All major municipalities in the basin are served by sewage 
treatment systems which provide biological secondary 
treatment of wastes. Such systems are designed to 
remove more than 90 percent o i  the suspended solids 
and oxygen-consuming organic materials [expressed as 
5 day biochemical oxygen demand (BOD,)], but they 
remove very little organic nitrogen and ammonia. 
Guelph is  served by an advanced sewage treatment iacili- 
ty which provides an effluent with very low levels of 
BOD, suspended solids, organic nitrogen and ammonia. 
Sewage treatment plants at Waterloo, Kitchener, Guelph, 
Cambridge and flrantiord, contribute over 77 percent of 
the total treated eifluent, with an average of 280,770 
miid or3 m'ls(62 mgd)discharged tothe riversystem (Ap- 
pendix E). 

All of the major municipalities have separate systems for 
stormwater runoff and sanitary sewage. Pollution loads 
from urban stormwater drainage empty directly into the 
Grand or Speed rivers or to local watercourses. The ur- 
ban runoff generally has little eifect on receiving streams 
that have large summer ilows, such as the Grand or 
Speed river, but can cause significant problems to small 
local watercourses such as Schneider creek in Kitchener 
or Hanlon creek in Guelph where summer flows 
periotlically fall to below 0.03 m3/s (1 cis). 

5.2.2 Industrial Wastes 

Most industries in the basin discharge wastes to local 
sewer systems ior treatment at municipal sewage treat- 
ment iacilities. Sewer use by-laws are enforced by 
municipalities to ensure that industrial wastes discharg- 
ed to sewers are not toxic or corrosive. 



Figure 6.2. Location of municipal sewage treatment plants. 
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KITCHENER SEWAGE TREATMENT PLANT: This is a modern conventional activated sludge sewage treatment plant. This plant 
discharges its effluent into the Grand river (in background) 

If corrosive or toxic wastes are produced, the industry 
i s  required to reduce harmful waste characteristics to ac- 
ceptable limits prior to discharge to the sewer system. 
In some municipalities such as Brantiord and the 
Regional Municipality o i  Waterloo, the industry pays a 
surcharge to the municipality to compensate for 
municipal treatment o i  high strength wastes. The majority 
of industrial wastes discharged to sewers do not create 
problems, although a few problems have been en- 
countered with industries located in St. Jacobs, Fergus, 
Elmira and Paris (Appendix E). 

Oithe over 1,000 manufacturing plants in the basin, only 
7 produce a substantial waste effluent which i s  discharg- 
ed directly to the river iollowing chemical or biological 
treatment by the iirm. A total o i  43,750 m3/dor0.5 m'is 
(9.6 mgd) of wastewater is produced by these industries 
and this represents approximately 16 percent of the total 
treated eifluent discharged to the Grand river (Appen- 
dix E l .  

5.2.3 Agricultural Wastes 

The chief sources o i  suspended solids, nitrogen, 
phosphorus, oxygen-demanding wastes and bacterial 
pollutants from agriculture, result from livestock opera- 
tions and field applications of manure. Waste disposal 
from livestock operations generally takes place on land 
and only through poor management practices do signifi- 

cant amounts o i  waste materials gain access to water- 
courses. With a trend in the middle basin towards more 
feedlot operations where livestock is raised in confined 
areas, the potential ior animal waste materials to gain 
access to watercourses is  increased unless precautions 
are exercised. To a limited extent, pesticides applied to 
agricultural lands gain access to the basin's watercourses. 
With the exception o i  accidental spills or poor rnanage- 
ment practices causing local degradation, levels of 
pesticides in the Grand river are low and do not impair 
existing uses. 

STORAGE OF LIVESTOCK WASTES: Prevents pollution of neai- 
by watercourses. 



5.3 Water-Based Recreation 

Water-based recreation covers a wide variety of activities 
undertaken by people in or on water as well as on land 
adjacent to water bodies. Analysis of Ontario Recreation 
Survey data compiled by the Ontario Ministy of Natural 
Resources indicates that among Ontario residents, top- 
ranked recreational pursuits include swimming, camp- 
ing, picnicking, canoeing and iishing. 

The Grand river basin provides a variety of water-based 
recreational opportunities* on both publicly and 
privately-owned lands. lniormation regarding the loca- 
tion and type of water-based activities pursued in the 
basin was obtained from the Ministry of Natural 
Resources (Recreation Supply Inventory), the Grand 
River Conservation Authority and recreation clubs. 
Based on these data, the estimated numbers of oppor- 
tunities in the basin are 3,059,000 for picnicking, 
2,029,000 ior camping, and 2,410,000 for swimming. The 
Grand River Conservation Authority is a principal oper- 
ator of water-based recreational facilities providing 
opportunities for swimming, camping, picnicking, 
boating, sailing and hiking, particularly at reservoir sites 
such as Conestogo, Belwood, Laurel Creek, Shade's 
Mills, Rockwood and Guelph. Most of the water-based 
recreational facilities are clustered in the central portion 
of the watershed where 60 percent oithe picnicking, 65 
percent oithe camping and 26 percent oithe swimming 
opportunities are available. Approximately 69 percent 

of the swimming opportunities are located in the lower 
region of the watershed, most o i  which are along the 
Lake Erie shoreline. 
The watershed also provides opportunities for water ski- 
ing and boating, particularly in the lower reaches and 
ior canoeing in tributaries and stretches along the main 
Grand river, south o i  Grand Valley to Lake Erie. The 
Grand river fishery resource is significant ior its recrea- 
tional value. Warm-water sport fish, particularly bass, are 
caught in various stretches along the main Grand and 
its major tributaries, and cold-water fish such as trout are 
fished in tributary headwaters. Cold-water fish are also 
sought in the Grand river south of Brantford when the 
iall spawning runs o i  Lake Erie coho salmon and 
steelhead trout take place. Minimum estimates oithe par- 
ticipation of anglers are approximately 200,000 angler 
days per year with a potential of 575,000 angler days per 
year. Studies of the average amount of money spent per 
angler day indicate that the annual value of the fishery 
in these terms, at present, i s  well over $1 million. 

* A recreational opportunity is a unit of measurement 
used to calculate recreation supply. Participation by 
an individual in an activity for any length of time dur- 
ing a day is considered to be an occasion of that ac- 
tivity. The number ofopportunities of an activity pro- 
vided by a facility or resource over a specified time 
period is equal to the number of occasions that they 
can accommodate (Ref 4). 

SAILING ON THE CONESTOGO RESERVOIR 
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Table 5.3 
Presence (X) of Common Fish Species in 

Reaches of the Main Grand River 

I Salmonids I Warm-Water 

Upper Basin 
- Belwood Lake Area X X 

Caledonia Area 

Dunnville Area X X X X X  

* Fish not caught during survey but there i s  a strong likelihood they are present in this reach 

Table 5.4 
Presence (X) of Common Fish Species in 

Reacher of the Speed and Eramora Rivers 



5.4 Fish and Wildlife 

Most of the Grand river and its majortributaries support 
a warm-water fishery. Consequently, the fish common- 
ly associated with this type of environment, particularly 
three families of fish - pike, perch and sunfish - are 
the most abundant. The lower Grand river provides the 
most diverse habitat in the basin and supports over fifty 
species of fish. 

Cold-water species such as brook trout are resident in 
source areas of such tributaries as McKenzie creek and 
the Speed and Eramosa rivers. The cold-water fishery 
from Brantford to Lake Erie i s  represented by the fall 
spawning runs of coho salmon and steelhead trout. 

South of Paris, along the Grand river, those fish most 
commonly caught are pickerel, pike and smallmouth 
bass. In 1976, a creel census conducted in the central 
basin revealed that 22 percent of the sport fish caught 

(of 11 species) were smallmouth bass. Approximately 60 
percent of the anglers surveyed were fishing for a specific 
species of fish (bass or pike). Tables 5.3 and 5.4 indicate 
the types of fish found in various regions of the Grand, 
Speed and Eramosa river basins. 

The Grand river basin provides habitat for a wide diver- 
sity of wildlife. Waterfowl breeding and stop-over areas 
are abundant throughout the basin with the major areas 
being the Luther marsh, Conestogo reservoir, Salem 
forest, Eramosa river valley, Drumbo swamp, Beverly 
swamp, Phillipsburg forest, Oakland swamp, Taquanyah 
reservoir and Dunnville marsh. Many species of birds and 
mammals are common throughout the basin, their 
habitats delineated and protected in some areas by 
municipal legislation. Fur-bearing animals are trapped in 
some areas. Those species which constituted over 95 per- 
cent of the $1 10,502 received in 1975 by trappers in- 
clude raccoon, fox, muskrat, beaver and mink (Ref. 5). 



6. WATER RESOURCE 
PROBLEMS 

Three significant water resource problems have been 
identified in the Grand river basin: (1) water shortages; 
(21 flood damages; and (31 deteriorated waterquality. The 
subsequent sections provide details on these problems. 

6.1 Water Supply 

6.1.1 Objective 

One objective of the basin study is  to ensure an adequate 
supply of high quality water for future municipal, in- 
dustrial and agricultural needs within the Grand river 
basin. This objective encompasses demand and supply 
and requires solutions that deal with both. 

Withdrawals of surface and ground water for various 
water needs are controlled by the Ontario Ministry of 
the Environment through a permit system. Development 
o i  water supplies i s  the responsibility of municipalities, 
industries, and individuals and the actions o i  one may 
aiiect the supplies of others. As well, the quality of sur- 
iace and ground water supplies must be maintained to 
ensure their continuing suitability for con5umption. Thi, 
is of paramount importance in the Grand river basin 
where the contamination of local surface and ground 
water sources could aifect existing water supplies, rnak- 
ing them unsuitable for consumption. 

6.1.2 Problems 

As o i  1980, no serious water shortages had occurred in 
the basin. However, in the Regional Municipality of 
Waterloo, the existing ground water sources are being 
utilized to their maximum capacity during periods of high 
summer demand. In the future, it will be necessary to 
provide additional supplies to the municipalities of Kit- 
chener, Waterloo and Cambridge. 

Attendant with water shortage problems is the problem 
of large municipal wells lowering water levels in rural 
domestic wells and reducing flows in surface streams. 
Most well interierence problems are associated with the 
Kitchener-Waterloo area, and a smaller number are 
associated with wells in the Cambridge and Guelph 
areas. All valid water level interference problems have 
been resolved, usually by deepening existing wells or 
constructing new ones under requirements o i  the Per- 
mit to Take Water program administered by the Ontario 
Ministry of the Environment. Future ground water 
development may create additional interierence pro- 
blems. In particular, the development of new ground 
water supplies in the vicinity of Cambridge may poten- 
tially interfere with nearby ground water supplies and 
stream flows in the Galt creek area. 

A SUMMER WATER USE: Lawn sprinkling causes high peak 
municipal water demands during the summer. 

The srlcction and timing of new water supply projects 
will he iniluenced hy futurr water demands. Reductions 
o i  water demand through the use of water conservation 
measures can deier the need for major supply projects 
irom five to ten years. Because of the excellent service 
provideti by the municipiilities and public utilities, supply 
is often taken for granted. This is  evidenced by the results 
of some pllhlic perception surveys. One, completed as 
an early part o i  the public consultation prograw, in- 
dicated th,~t n~air~t;iining arl~rluale water supply was a 
lower priority than water quality or flooding. After be- 
ing informed of basin water supply and demand pro- 
blerns, the public consultation working groups ranked 
water supply the most iniportant water management 
problem. 

The iollowing sections compare anticipated municipal, 
industrial and agricultural water requirements to the year 
203 1 with water iupplies and indicate what needs to be 
done to meet future w.rter demxids. 

6.1.3 Municipal Water Requirements 

Municipal water demand varies throughout the year with 
m;~xirnuni water demands occurring during the summer 
months when lawn watering is at d rnaxirnum. This varia- 
tion in demand is characterized by average and max- 
irnurri day dernands. 

The maximum day demand is a short-term demand 
which is usually met by: ( I )  increasing the pumping rate 

from ground water storage, (i.e. Kitchener, Waterloo), 
and (2) increasing the pumping rate irom sudace storage 
or surface sources, (i.e. Brantiord). 
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Future water demands for the major urban centres were 
based on a range of projected populations (Ref. Tech. 
Report No. 12) and predicted by assuming that: (1) ex- 
isting water consumption rates remain the same in the 
iuture (base case projection); (2) new conservation 
methods are implemented with either a moderate or 
large residential response; or (3) the water rate structure 
is modified to reflect changing water prices (based on 
information which predicts response oiconsumers to an- 
ticipated price changes) (Ref. Tech. Report No. 26). By 
comparing existing supplies with various demand rates 
and population projections, areas of potential future 
water shortages can be determined (Tables 6.1 and 6.2). 

With the exception of the Cities of Kitchener and 
Waterloo, shonages of water would probably not be ex- 
perienced until the year 2001. However, shonages would 
be felt in all major cities except Brantford by the year 
2031 if no new works, conservation measures, or water 
pricing structures are implemented. Because of the large 
maximum day demand in the Kitchener-Waterloo area, 
additional storage, either subsuriace or surface, will be 
required to meet peak demands by the year 2001. 

The time at which new supplies will be required is  depen- 
dent on population growth and the degree o i  implemen- 
tation of water conservation practices. Possible sources 
of water supply investigated by the basin study for the 
Kitchener-Waterloo area were: 

additional ground water supplies 
recharging ground water aquifers with suriace 
water from the Grand river, by induced infiltration 
or pumping to recharge areas 
Great Lakes source 
surface supplies, either irom a reservoir or from the 
river system. 

Two possible sources o i  water supply investigated for the 
City of Brantford which would individually meet all future 
municipal water demands were: 

1) Great Lakes pipeline irom Lake Erie 
2) increased use of water from the Grand river. 

New development of ground water sources and the 
Arkell recharge system should meet the water demands 
of the City of Guelph until 2031. About that time, new 
sources of supply will be needed if population growth 
equals the medium or high population projections and 
no water conservation measures are adopted. Additional 
supplies would be available from the Cuelph reservoir 
or the Eramosa river. 

Of the 23 smaller communities analysed for future water 
shortages, only Elora and Fergus will experience water 
shortages by the year 2031 (Table 6.3). Between 2001 

and 2031, Elora is expected to experience shortages at the 
projected low population level, while Fergus is  expected 

to require more supplies if the medium or high popula- 
tion projection i s  realized. Sources of additional ground 
water supplies have been investigated (Ref. Tech. Report 
No. 10). 

6.1.4 Industrial Water Requirements 

Future water requirements for industries not supplied by 
a municipal water system were estimated, based on past 
trends (Ref. Tech. Report No. 26). Projections indicate 
that the critical areas where existing water supply may 
become insufiicient to meet demand are in the central 
basin, specifically in the Cities of Kitchener, Waterloo, 
Cambridge and Guelph. 

For these four municipalities, forecasted increases in 
ground water demand for industrial purposes range from 
40 to 11 1 percent by the year 2001. Concurrently, use 
of surface water for industrial supply i s  expected to more 
than double in Kitchener and Guelph (Table 6.4). 

l i the low estimate for industrial water demand i s  realiz- 
ed, adequate water supplies will be available in the cen- 
tral basin to meet industrial needs. The low estimate 
represents a situation where no new demand for ground 
water supplies will occur in the Cities of Kitchener, 
Waterloo and Cambridge. Any further increase in 
abstraction of ground water for industrial purposes in 
these cities would aifect the availability of water for 
municipal use thus requiring the implementation of water 
supply projects before they would otherwise be needed. 

SPRAY IRRIGATION OF TOBACCO: Tobacco is an important 
cash crop in the Whiteman creek area. 

6.1.5 Agricultural Water Requirements 

Estimates of future water requirements for watering 
livestock and irrigating crops indicate that the greatest 
demand will result irom increased irrigation (Tables 6.5 
and 6.6). 



Table 6.3 Summary of Existing Municipal Water Supplies 

1976 
Community Serv~ced 

Popul.rtion 

Arthur 1,628 

1,331 A= 

Kockwood 

St. George 1,000 

1977 1977 1976 1979 
Average Daily Maximum Daily Per C13/lltd* System 
Conwrnption Consumpt~on Conrumption Capacity 
(m'ld x lUO0l !m4!d x 10001 (Lldl (m4!d x 1000) 

1979 
Source 01 

Water Supply 

6 wells 

2 wells 

2 wells 
2 wells 

Grand River 

5 wells 

25 wells 

3 wells 

6 WPIIS 
2 wells 

2 wrllc 

5 wells 

27 wells 

Arkell Springs 
29 wt.II, 
I 2  well, 

2 initltration 
wells !K-WI 

~ - 
2 well5 

-. ~ 

2 well5 

2 wells 

~ 

2 wells 

2 well5 

Per callta conlum$,lon r,itc.r iwr? ~ s t ~ ~ n a t e d  by dividing the 1976 5etvicrd l~pulat!on into the 1977 dverdge daily cnncumptlon ratei. 

" Winter cdp,icity 

'-' Summer c a p c ~ t y  

h / 4  Not Available 



Table 6.4 
Estimated Daily Industrial Water Demand from Private 
Sources of Supply in Kitchener. Waterloo, Cambridge 

and Cuelph, 2001 and 2031 
l c u h ~  metres per day x 10001 

Exirting Water 
Demand I 
Surface Ground 

M u n ~ c ~ l l d l ~ t y  Water M'ater Tutal 

Waterloo 0.00 7.60 7.68 I 
Cuelph 10.04 20.27 30.31 1 

Cmmdled Suriace Eit8rnaf~d Cround Total Water 
Water De~nanri Water Demand Demand 

2001 2001 2001 

5 0 - 5.9 11.2 L ? 6  16.2 - 29.; 

~ ~ 7.7 16.4 7 . 7 -  164  

~ ~ 9.5 - 20.0 9.5 20.0 

19.5 21.4 JY 1 - 42.7 58.h 64.1 

Est~matcd Surface Estimated Ground Total Water 
Watcr Demand Water Demand Demand :l 2031 2031 1 

7.3 9.5 11 2 3 8 . 2  18.5 - 47.7 

7.7 26 4 7.7 26.4 

9.5 32.7 9.5 - 32.7 

26.8 - 34.: 54.1 69.5 80.9 - 104.0 

Table 6.5 
Livestock Water Demand in  the Crand River Basin, 1976, 2001 and 2031 

(cubic metres per day x 1000) 

Sub-basin Sector C 
Lower Grand River 

I Whiteman Creek 

I Nith Rive1 

Paris 

Middle Grand River 

I Speed River* 

I Central Grand River 

Conestogo River 

Upper Crand River 

I Total 

- - 

* The Speed river refers to the Speed and Eramosa river watersheds. 

Estimated 
Livestock Water 
Demand, 2031 

1.66 

1.60 

13.99 

0.41 

Estimated 
Livestock Water 
Demand, 1976 

5.75 

2.02 

8.60 

0.45 

Estimated 
Livestock Water 
Demand, 2001 

1.66 

2.06 

12.05 

0.45 



Sub-basin 

Upper Grand River 
Conestogo River 
Middle Grand River 
- Speed River*** 

- Central Grand River 

Paris 
Nith River 
Whiteman Creek 
Lower Grand River 

Total 

Additional Water Demand 
Above 1978 Level 

Table 6.6 
Estimated lrrigation Water Demand and Supply over Main Irrigation Season* 

(cubic metres x 1000) 

Existing Demand** 
Estimated Maximum Water 

Demand 

* Calculated for a 92 day period from June to August 

Probability of Surface Water Volume 
Being Equalled or Exceeded 

.5 - .9 - .95 

. . - 
* *  Assuming 5 applications for 24 hours during the main irrigation season 

* * *  Includes Eramosa river watershed 



Projections indicate that the number of livestock in the 
basin will remain relatively stable with the exception of 
the Nith and middle Grand river basins where an in- 
crease i s  anticipated. The maximum increase in total 
basin water needs for livestock consumption over the 
1980 level isexpected to be 18 percent by the year 2001 
(Rei. Tech. Report No. 26). 

To improve crop yields, irrigation may be feasible on san- 
dy and sandy loam soils. The largest potential irrigation 
demands are estimated in the basins oithe middle Grand 
and Nith rivers (Table 6.6). In areas of existing high de- 
mand, such as the Whiteman creek watershed, increases 
in irrigation are expected to be less. 

Most agricultural irrigation systems in the Grand river 
basin are supplied by sutface water. Based upon a stream 
flow analysis of several stations, runoii volumes were 
estimated for the critical drought period from June to 
August (Table 6.6). Preliminary results indicate that sur- 
face water resources should be suiiicient to accom- 
modate future irrigation needs. However, detailed sub- 

watershed studies are required to determine more ac- 
curately whether or not a local supply problem might exist 
in the future. Local shortages could occur due to peak 
demands occurring simultaneously in the watersheds of 
the Conestogo river below the Conestogo dam and the 
Speed River above Guelph. 

6.2 Flood Damages 

6.2.1 Objective 

The objective of the basin study relative to flood damage 
is to minimize property damage, prevent loss of life and 
encourage a co-ordinated approach to the use of land and 
management o i  water. To achieve this objective, the im- 
plementation o i  a mix of structural and non-structural 
measures is required. 

Under the provisions o i  the Conservation Authorities Act, 
the Grand River Conservation Authority (GRCA), in co- 
operation with its member municipalities, is responsible 
ior dealing with problems resulting irom flooding in the 
basin. 

6.2.2 Problems 

Flooding has occurred periodically throughout the Grand 
river basin over the course of recorded history (Table 
6.7). Flow records at Cambridge (Galt) indicatea definite 
trend since the early 1920s towards increasing natural 
ilood peaks, which may be due to changing land use 
practices such as increased acreage of row crops, artiiicial 
drainage and expanding urban development. Continued 
iloodplain development in urban areas has contributed 
to rises in the amount of property damage experienced 
after major floods. Next to water supply, the public con- 
sultation working groups perceived flood damages and 
water quality as the second most important water 
management problems in the basin. 

FLOODING AT CAMBRIDGE: The May 1974 Flood 
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Table 6.7 Selected Flood Damage Chronology Within the Grand River Watershed 

Date 

1912 
April 

1913 
March 

1918 
February 

1922 
March 

1928 
March 

1929 
Aarch-Apri 

1932 
February 

1947 
April 

1948 
March 

Community 

Cambridge(Galt1 

Guelph 

Elora 

New Hamburg 

Dunnville 

Cambridge(Ga1t) 

Guelph 

Paris 

Brantford 

New Hamburg 
Paris 

Brantford 

New Hamburg 

Cambridge(Galt) 

Paris 

Brantford 

Kitchener 
(Bridgeport) 

New Hamburg 

Resultant Damaae 

Cellars were flooded; loss set at minimum of $100,000. 

A conservative estimate for flood losses was $76,000. 

Damage estimated at $5,000. 

Damage estimated at $5,000. 

Damage exceeded $5,000. 

Broken gas mains: "thousands of dollars damage to goods 
stored in the cellars of stores owned by local merchants." 

Thousands of dollars damage. 

Thousands of dollars damage. Some inhabitants of south 
Water street showed the usual reluctance to leave their 
homes when first warned by local authorities. 

Two bridges were damaged at $15,000. A mile of Water 
street was flooded. The April flood caused an estimated 
damage of $250,000. Fifty-seven victims reported a 
total loss of $1 20,000. 

The loss in manufacturing plants from flooding was 
reasonably believed to amount to "hundreds of thousands 
of dollars", without taking account of the damage in 
the houses. 

Penman's Manufacturing plants were flooded. The Nith 
River rampaged. Several houses were badly flooded and 
one was demolished, half of it going downstream . . . It 
was the most destructive flood the Nith River has staged 
In years. 

The Grand River left its bed above the city and rushed 
across the northern flats scattering huge ice floes 
through the suburbs. There was ice damage at the 
waterworks, the canal overflowed, fill was washed away, 
car tracks were flooded and factories threatened. 

Eighteen inches of water inundated Water street 

Cellars were flooded resulting in "extensive damage." 

The low ground between Birkett's lane and Cockshutt 
bridge was flooded. 

Heavy losses: "Worst flood in thirty-two years." 

Nineteen businesses reported damage of $20,300. 

Spent $2,239 to repair the dykes and $1,858 for cleaning 

Damage exceeded $100,000. 

At least forty dwellings were inundated: damage in the 
"many thousands of dollars." 

Thirty-seven homes inundated, water being six inches or 
more deep on the ground floors. Eleven streets were 
under water and two approaches to the village were 
impassable: "largest flood since 1883." 



Table 6.7 (Continued) 

Date 

1950 
April 

1954 
October 

Hurricane 
Hazel 

1965 
February 

1974 
May 

1975 
April 

1976 
June 

1979 
March 

Communitv 

CambridgeGalt) 

Brantford 

ambr~dge(Hespeler 

New Hamburg 

Brantiord 

Waterloo 

Kitchener 
(Bridgeport) 

New Hamburg 

Cambridge(Galt1 

Cambridge(Ga1t) 

Brantford 

Residential 
Non-Residential 

Total 

Cambridge 

Residential 
Non-Residential 

Total 

Kitchener 

Residential 
Non-Residential 

Total 

Paris 

Residential 
Non-Residential 

Total 

All Other 

Residential 
Non-Residential 

Total 

Paris 

Conestogo 

Paris 

Resultant Damage 

Damage estimated at $750,000. 

Damage exceeded $1 00,000. 

Damage estimated at $140,526. 

Forty homes were evacuated. 

Damage exceeded $100,000. 

Heavy losses: "thousands o i  dollars" damage. 

3ver sixty homes inundated: two hundred people evacu- 
ited; total damage $40,000. 

4t least fifty homes isolated. 

Severe ilooding: hundreds of basements ilooded 

Hundreds of basements flooded. 

Flood Damage Claimed Flood Damage Appraised 

Value Value 
No. o i  Claims Claimed No. o i  Claims Appraised 

Processed ($) Approved ($1 

Cost o i  emergency ilood prevention $50,000; estimated 
damage on Elm street was $900. 

Damage was $15,000 to $18,000. 

Flooding caused by ice jam: "thousands of dollars" 
damage. 

Note: Damages in dollars are referenced to the time losses were reported 
Source: Ref. 6. 
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natural unregulated conditions. 
Average annuai f lood damages 
(area under curve1 equals 

enst ing regulated conditions. 
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Damage prababrhty curve  for  
natural unregulated cond# t#onr  

. Average annual f load damages 
(a rea  under curve)  equals 
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1 
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Average annual f lood damages 
(area under curve) equals 
5200,000 per year 
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Average annual f loaddamager  
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525.000 per year I 
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Figure 6.1. Flood damage versus probability of exceedance (1979 damages). 
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The main measures that are used in the basin to reduce 
flood damages include dams, dyking and channelization, 
flood warning systems and regulation of floodplain 
development. 

Three major dams, the Shand (1942), Conestogo (19581, 
and Guelph (1976) areoperated by theGrand River Con- 
servation Authority to reduce flood peaks on the Grand, 
Conestogo and Speed rivers. Under 1980 operating 
policies, it is estimated that average annual flood 
damages are reduced by 63 percent as compared to 
those which would occur under natural conditions. 

Since the early 19505, various dyking and channeliza- 
tion projects have been carried out jointly by the Grand 
River Conservation Authority and the benefiting 
municipalities, in Paris, New Hamburg, Guelph, Cam- 
bridge (Hespeler) and Caledonia. A major dyking and 
channelization project was completed in Kitchener 
(Bridgeport) in 1980, and similar projects are underway 
in Cambridge (Galt) and Brantford. 

During a flood crisis, a flood warning system, co- 
ordinated by the Grand River Conservation Authority, 
alerts basin residents of imminent flooding. Residents are 
encouraged to reduce personal property damage by 
moving personal items to higher locations andlor by 
evacuating their premises. 

The regulation of floodplain development isthe respon- 
sibility of both basin municipalities and the Grand River 
Conservation Authority. Through coordinated efforts, an 
active program restricting urban floodplain development 
exists. The present policy of the GRCA recognizes the 
selective application of a two-zone floodway-fringe con- 
cept in urban areas. The iloodway i s  the area of flood- 
plain required to pass deep, fast-flowing flood waters 
where most development i s  prohibited. The fringe is the 
area along the outer limits of the floodplain where the 
depth offlooding is shallow and the risk of flood damage 
is low. Some development i s  allowed in the fringe area, 
subject to flood proofing stipulations. 

Despite the application of measures which have reduced 
flood damages, average annual damages in the basin are 
estimated at $980,000. The probability of theoccurrence 
of spring flood ilows, with and without the existing reser- 
voirs, and the associated damages at the four urban cen- 
tres sustaining the highest average annual damage are 
shown (Fig. 6.1). In addition, risk offlooding as a result 
of tropical storms and the formation of ice jams also ex- 
ists. Ice jams frequently cause flooding in Grand Valley, 
West Montrose, Kitchener, Paris, Brantford, Dunnville, 
Eden Mills, Rockwood and New Hamburg. They occur 
during an early spring breakup at locations where mov- 
ing ice flows are slowed due to a constriction or solid 
ice front. 

ICE JAM FLOODINQ: Floodlng at West Montrose, (February, 1981) caused by an ice jam downstream of the hamlet. 
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Although increases in flood peaks over the past sixty-five 
years have been partially offset by the flood control 
capabilities of the existing reservoir system, further in- 
creases are expected if changes in land use patterns 
continue. 

A total of twenty basin communities are prone to varying 
degrees of flood damage (Fig. 6.2). Six communities, 
(Cambridge, Paris, Brantford, New Hamburg, Caledonia 
and Dunnville) are subjected to average annual damages 
greater than $l,OOO/year. To minimize flood damage in 

the basin, a combination of additional structural and non- 
structural methods were investigated by the basin study: 

new reservoirs 
dyking and channelization 
floodplain acquisition 
flood proofing 
flood warning 
floodplain zoning 
flood insurance 
reforestation. 



6.3 Water Quality 

6.3.1 Objective For Surface Water Quality 

The goal of the Province of Ontario for surface water 
quality management as stated in "Water Management 
- Goals, Policies, Objectives and Implementation Pro- 
cedures of the Ministry of the Environment" (Ref. 7 )  is 
to ensure that surface waters are of a quality which is 
satisfactory for aquatic life and recreation (public health). 
Waters meeting these requirements will, in most cases, 
be suitable for other beneficial uses such as drinking 
water and agriculture. 

To achieve this goal, numerical and descriptive objec- 
tives for a wide variety of physical, chemical and 
microbiological parameters have been set and are called 
the provincial water quality objectives. The intent ofthe 
water quality component of the basin study is to achieve 
the policies of maintaining high water quality where it 
exists and upgrading water quality where conditions are 
not in compliance with the objectives. 

6.3.2 Problems with Surface Water Quality 

In the following sections, the key parameters of water 
pollution - oxygen-consuming materials, nutrients and 
aquatic plants, bacteria, suspended sediments, trace con- 
taminants and toxic substances - are briefly discussed 
in terms of their sources, effects on water quality and 
uses, implications of future development, and general 
management control strategies. 

Oxygen-Consuming Materials 

The decomposition of organic material, usually com- 
pounds of carbon and nitrogen, is achieved by bacterial 
action. When converting organic substances, bacteria 
draw oxygen from the water and change various com- 
pounds to stable forms such as carbonates and nitrates. 
The amount of oxygen required and the impact of this 
process o i  assimilation on the dissolved oxygen regime 
of the river are dependant upon several factors including 
the amount of oxygen-demanding material introduced; 
dissolved oxygen concentrations in the stream and the 
stream's reaeration ability; water temperature; and the 
photosynthesis-respiration activity of aquatic plants 
and algae. 

Typically, the impact on dissolved oxygen is most severe 
within a few kilometres downstream from the point of 
discharge with gradual improvement as the oxygen- 
demanding substances are oxidized and normal condi- 
tions are once again established. This pattern can be 
altered substantially by the presence of several sources 
in the same vicinity andlor the presence of nuisance 
levels of aquatic plants or algae. 

The Ministry of the Environment suggests that for the pro- 
tection of warm-water biota, which occupy most reaches 
of the Grand river basin, dissolved oxygen levels should 
not fall below 47 percent saturation (i.e. 4 milligrams per 
litre (mgiL) at 20°C (68OF) ) (Ref. 7). 

Throughout most reaches of the Grand river and its 
tributary streams, oxygen-consuming waste inputs do not 
alter the dissolved oxygen regime severely and the ob- 
jective is generally met. This is the result of a combina- 
tion of adequate natural assimilation capabilities, sus- 
tained streamflow, and adequate sewage treatment or 
discharge procedures at those sewage treatment facilities 
serving the smaller communities. Some agricultural 
sources of organic material, such as feedlot runoff and 
silage liquors, have the potential to affect the dissolved 
oxygen regime and could have a significant impact on 
local aquatic life. 

The most serious environmental impacts resulting from 
the discharge of oxygen-consuming substances are found 
in the central Grand river downstream from the Kitchener 
sewage treatment plant in the Regional Municipality of 
Waterloo, and in the lower Speed river downstream from 
the Guelph sewage treatment plant. A detailed record 
of variations in dissolved oxygen levels in these areas i s  
presented in Technical Report, 11 and 1la. 

FISHING: At Caledonia on the Grand river 



In the central Grand river, the Waterloo, Kitchener, 
Preston and Galt sewage treatment plants discharge ap- 
proximately 225,000 m'id (49 mgd) of treated sewage or 
about 60 percent of the total input from all sewage treat- 
ment plants in the basin. The demands exerted upon the 
river to satisfy the oxygen requirements of wastes from 
these plants, in combination with nuisance aquatic plant 
growths in the same area, reduce night-time dissolved 
oxygen levels on many occasions to less than 1 mglL 
downstream from the Kitchener sewage treatment plant 
and keep levels well below the 4 mg/L objective 
downstream from Kitchener, through Cambridge and 
past Glen Morris. These depressed conditions do not ex- 
ist all the time; rather, they are usually measured for 
several hours duringthe nights in the summer-fall period. 

Dissolved oxygen levels in the lower Speed river are in- 
fluenced by oxygen-consuming wastes discharged from 
the Guelph and to a much smaller extent Hespeler 
sewage treatment plants and by dense aquatic plant 
growths downstream from Guelph. Prior to the recent 
installation of nitrification facilities at Guelph, dissolved 
oxygen levels often fell to zero for extended periods at 
night during the summer and fall. With the new facilities 
at Guelph which will substantially reduce the car- 
bonaceous and nitrogenous oxygen-demanding wastes, 
it is expected that minimum dissolved oxygen levels will 
seldom fall below 2 mgiL and the number of hours within 
a day when the dissolved oxygen objective is not met 
will be reduced. 

Oxygen-consuming wastes discharged from the Brant- 
ford sewage treatment plant do not significantly affect 
dissolved oxygen levels in the lower Grand river. This 
river reach has a substantial streamflow, a high 
assimilative capacity, and i s  not affected by nuisance 
levels of aquatic plant growth. 

Although not directly affected by organic material inputs 
from sewage treatment plants, the dissolved oxygen 
levels of the three major reservoirs - Belwood, Con- 
estogo and Guelph - are influenced by the oxygen 
demands of decaying algae and river detritus. Each year, 
in the early summer, thermal barriers are established at 
about mid-depth in each reservoir. These barriers pre- 
vent mixing of the surface and bottom waters. Oxygen 
resources in the bottom waters are depleted gradually 
by decaying organic material in the water column and 
on the reservoir bottom, making this zone of the reser- 
voir unsuitable for fish. Depleted oxygen resources also 
result in the conversion of nitrogen to its ammonia form 

and the release of metals from the sediments to the water 
column. Water discharged from these reservoirs is com- 
monly drawn from below the thermal barrier. While the 
depleted oxygen in the released water is replenished 
quickly in the river below the dam, the residual impact 
of the pollutants formed, such as ammonia, can affect 
downstream uses. 

Investigation and modelling carried out to evaluate the 
impact of stormwater drainage from large basin 
municipalities show that oxygen-demanding wastes in 
stormwater carried into the Grand and Speed rivers do 
pot have a detrimental impact on dissolved oxygen 
levels. A number of factors contribute to this, including 
the increased diluting effect of higher streamflows, higher 
reaeration capacity due to increased turbulence and the 
availability of dissolved oxygen in rainwater. 

Oxygen-demanding waste discharges from within the 
river basin do not significantly affect the dissolved ox- 
ygen regime of Connor Bay in Lake Erie at the mouth 
of the Grand river. 

Suggested Remedial Actions 

Oxygen depression in the middle Grand river below 
Waterloo and Kitchener can be reduced to some degree 
by installing facilities to reduce nitrogenous oxygen- 
demanding wastes or by augmenting streamflow during 
the critical summer period. The provincial objective of 
4 mgiL cannot be achieved continuously without a re- 
duction of aquatic plant growth in this area ofthe basin. 

The recently installed nitrification facilities at Guelph will 
greatly increase dissolved oxygen levels in the lower 
Speed river but the objective cannot be met in summer 
without a reduction in the level of aquatic plants and ad- 
ditional streamflow augmentation. 

While the Brantford sewage treatment plant and the 
sewage treatment facilities serving the smaller com- 
munities in the basin do not seriously impair dissolved 
oxygen, future expansions may require higher than 
secondary level of treatment or streamflow augmentation 
to prevent water quality degradation. 

Formation of a thermal barrier and the resultant dissolved 
oxygen depression in the deep water areas of the large 
reservoirs is a normal phenomenon influenced to some 
extent by upstream land use activities that cause nutrient 
enrichment and faster algae growth. Aside from increas- 
ing mixing and aeration within the reservoir, there do 
not appear to be practical solutions to this problem. 



Nutrients and Aquatic Plants 

The availability of nutrients affects the growth of aquatic 
plants and algae, both attached and free-floating. 
Although the term nutrient encompasses many elements, 
nitrogen and phosphorus are recognized as major 
nutrients affecting growth. Given an adequate supply of 
these nutrients in addition to energy from the sun and 
appropriate river bottom, temperature, and current con- 
ditions. aquatic plants and algae will grow to fill all of 
the space available. Such nuisance growths occur at 
several locations in the basin and contribute to the 
serious dissolved oxygen problems in the Grand river 
below Kitchener and in the Speed river below Guelph. 
The abundance and distribution of aquatic plants and 
algae as measured during surveys conducted in 1979 are 
illustrated in Figure 6.3. A complete review of aquatic 
plants i s  contained in Technical Report No. 42. 

In addition to the growth of aquatic plants, nutrient 
enrichment stimulates the growth of free-floating algae 
in the reservoirs and deep, quiescent reaches of the river. 
These algal growths and periodic blooms contribute to 
general aesthetic impairment and diurnal dissolved ox- 
ygen fluctuations in the surface waters of the reservoirs. 
When the algae die and sink to the bottom of a reser- 
voir, they decay and exert an oxygen demand on the 
deer, water zone. 

In urban areas the principal sources of nitrogen and 
phosphorus compounds are municipal sewage treatment 
plants, storm water runoff and occasionally, during 
severe storm events, by-passed municipal sewage (Ref. 
Tech. Report No. 28). All major municipal sewage treat- 
ment facilities in the Grand river basin provide 
phosphorus removal to the level of 1 mg/L to conform 
with International Joint Commission guidelines for the 
protection of the lower Great Lakes. Specific treatment 
to remove nitrogen is not employed at municipal facilities 
along the Grand river. The Guelph sewage treatment 
plant, however, provides treatment to convert ammonia 
and organic nitrogen to the more stable inorganic form 
(i.e. nitrate) (Ref. 8). This treatment was prescribed to 
reduce the oxygen demand and toxic effects of the 
discharge on the Speed river downstream from the plant. 

In rural areas, nitrogen and phosphorus can enter water- 
courses from a wide variety of sources including 
precipitation, land runoff, municipal drains, drainage 
from feedlots or barnyards, and malfunctioning private 
sewage treatment systems. As phosphorus compounds 
associate readily with soil particles, soil erosion during 
spring thaws or storm events i s  the most significant 
mechanism for the transport of phosphorus to water- 
courses. Nitrogen compounds are largely water soluble 
and can gain access to streams by overland transport, 
infiltration through the soil or interception by tile drains 
(Ref. Tech. Report No. 27). 

EXCESS GROWTH OF AQUATIC PLANTS: This growth results in low dissolved oxygen levels in the Speed river below Guelph and 
in the middle Grand river 
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0-26% streambed cover 

Figure 8.3. Aquatic macrophyte distribution and abundance- 1979. 
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In evaluating the effects of nutrients on water quality in 
the Grand river basin, two important aspects to consider 
are the magnitude oithe various sources of nitrogen and 
phosphorus and the seasonal distribution of inputs to the 
watercourse. The annual and seasonal (i.e. winter-spring, 
summer-iall) distribution of loadings oitotal and filtered 
reactive phosphorus as well as total Kjeldahl nitrogen 
(organic nitrogen + ammonia) and nitrite and nitrate 
nitrogen in the basin are shown in Table 6.8. 

In the upper basin north of the City of Waterloo, the bulk 
of nutrient input throughout the year can be attributed 
to rural drainage. Contributions irom the relatively small 
sewage treatment plants in the upper basin, although 
perhaps locally important, are rather insignificant com- 
pared to contributions from rural drainage. 

In the Speed river basin, sewage treatment plants and 
rural drainage annually contribute about the same 
amount of total phosphorus. Urban drainage contributes 
a much smaller amount. Filtered reactive phosphorus 
which is readily available to stimulate growth of aquatic 
plants and algae enters largely irom the sewage treatment 
plants. On a seasonal basis, nutrient inputs from rural 
sources dominate during the winter-spring period reilec- 
ting the impact of springthaw runoff. Duringthe summer- 

fall period of reduced runoff, loadings from the sewage 
treatment plants contribute a larger percentage of the 
total nutrient input. 

The information for the upper and middle basin incor- 
porates all sources of nutrients to a point just north o i  
Paris and includes the contribution of all the major 
sewage treatment plants with the exception of the one 
which serves Brantford. Rural drainage sources con- 
tribute the largest proportion of most nutrient forms and 
these sources dominate during the winter-spring period. 
However, during the summer-fall period the relative 
significance of sewage treatment plants increases 
substantially. 

For the total basin, rural non-point sources contribute 
the largest proportion of nutrient input, particularly dur- 
ing snow melt and storm events o i  the late winter-early 
spring period. These winter-early spring discharges have 
a minimal effect on the flowing reaches of the river 
because they do not occur during the primary aquatic 
plant growing season. However, they contribute to 
overall enrichment of the major reservoirs and Lake Erie. 
Nutrient inputs from sewage treatment plants are most 
significant during the summer-fall period and their im- 
pacts are primarily measured in aquatic plant and algae 

Table 6.8 
Contributing Sources and Seasonal Distribution of 

Phosphorus and Nitrogen Loadings 

River Section 

Total Phosphorus 
Upper Basin 110 Rr~dgrportl 
Speed Rlier Bas~n 
Upper XI M~drl lr  Ra51n (To Parts) 
Total Grand Rrver Basn 

Filtered Reactive Phosphorus 
Upper Basn (To Br~dgeport) 
Sperd River Bavn 
Upper & M~ddle Bast (To Pdr i i )  
Total Grand Rlber Basn 

Total Kleldahl Nitrogen 
Upprr Rawn (To Bridgeport) 
Speed River Bmn 
Upper & M~ddle Basn (To Pars1 
Total Grand Klver Bailn 

Filtered Nitr~te & Nitrate Nitrogen 
Upper Bas," (To Br~dgepon) 
Spced River Bas~n 
Upper & Mlddle Bastn (To Part51 
Total Crand River Bas," 

Nutrient Load~ngi 

*STP - wwage treatment plant 

-- 

Contributing Sources and Seasonal 

**UD urban non-point or difiuse sources 
*"RD rural nan~paint or diiiuse source5 

Distribution o i  Loadings - 
' 5  

- 



growth in the river and its tributaries. During the sum- 
mer, nutrient inputs from sewage treatment plants 
dominate in the Speed river with rural sources con- 
tributing a minor amount of nutrients. However, in the 
main Grand river below Waterloo, rural sources provide 
a significant summer nutrient input which, along with 
the sewage treatment plant input, contributes to aquatic 
plant growth in the central Grand river. 

The Grand river i s  also a major source o i  nutrients in the 
Ontario coastal zone of the eastern basin of Lake Erie. 
The average annual total phosphorus and total nitrogen 
loadings are in the order of 500 and 9,000 tonnes respec- 
tively. The Grand river discharges to Connor Bay and 
locally, in that bay, the nutrient inputs stimulate algae 
growth in an area extending about 4 km (2.5 miles) from 
the river's mouth. Studies of nutrient enrichment from 
the Grand river on a larger, eastern Lake Erie basin scale, 
indicate that the plume from the river extends in an 
easterly direction for a maximum distance of about 14 
km (8.7 miles). In this plume, algae growths are slightly 
higher than normal background levels measured in Lake 
Erie to the west of the Grand river (Rei. 8). Phosphorus 
control measures taken to reduce nuisance aquatic plant 
growth and resultant dissolved oxygen problems in the 
river will also beneiit the lake. 

Suggested Remedial Measures 

In order to reduce excessive aquatic plant growth, the 
Ministry of the Environment guideline for total allowable 
phosphorus in rivers and streams i s  0.03 mg/L. Based on 
water quality monitoring records irom stations 
throughout the Grand river basin, this guideline i s  ex- 
ceeded virtually everywhere in the main stem and ma- 
jor tributaries. Nutrient enrichment results in localized 
nuisance conditions documented at several locations in 
the basin. 

The combined effects o i  oxygen-demanding waste water 
discharges from sewage treatment plants and excessive 
aquatic plant growth cause serious dissolved oxygen pro- 
blems in the main Grand river between Kitchener and 
a point north of Paris and in the Speed river from Guelph 
to its coniluence with the Grand river. Water quality 
models indicate that controlling oxygen-consuming in- 
puts at appropriate sewage treatment plants will improve 
dissolved oxygen conditions in these river reaches but 
will not achieve the 4 mg/L dissolved oxygen objective 
continuously. Modelling also shows that further phos- 
phorus control at the Guelph sewage treatment plant 
would reduce biomass growth and improve dissolved ox- 
ygen conditions in the lower Speed river. However, 
similar beneiits would not be achieved in the Grand river 
below Kitchener through further phosphorus control ex- 
clusively at the sewage treatment plants. Very large 
reductions from both sewage treatment plant and 
upstream, rural land drainage sources would be required 
to eliminate nuisance aquatic plant production below Kit- 

chener. Reductions of excessive plant growth at several 
locations in the upper Grand river basin and algal growth 
in the major reservoirs could only be achieved through 
rural non-point source nutrient control. 

Bacteria 

The enumeration of coliform bacteria traditionally has 
been used to evaluate water quality with respect to public 
health. While coliform organisms are not normally 
regarded as causing health problems, their presence in 
a waterbody indicates the possible presence of 
pathogenic bacteria which can cause health disorders 
such as eye, ear, nose, throat or skin infections or serious 
diseases such as typhoid fever. 

Bacterial contaminants in urban areas can originate as 
the result of ineffective chlorination at sewage treatment 
plants, illegal discharges o i  sanitary wastes to storm 
sewers or directly to watercourses, or from urban storm- 
water runoif which is contaminated by fecal matter from 
wild animals or pets. 

In agricultural areas, land runoff carries fecal matter irom 
such sources as manure piles, barnyards, feedlots and 
pasture lands. In addition, livestock and wildlife defecat- 
ing directly in streams while watering, and seepage from 
malfunctioning septic tank systems can contribute to 
bacterial contamination of rural watercourses. 

The Ministry of the Environment recommends that in 
areas used for body contact recreation, a potential health 
hazard exists if the total coliform and fecal coliform den- 
sities of a specified series of samples exceed 1,000 and 
100 per 100 millilitres (mL), respectively. A review of re- 
cent results from the Ministry of the Environment's water 
quality monitoring program indicates that bacterial den- 
sities are generally below these levels in the upper 
reaches of the Grand river downstream to the confluence 
with Canagagigue creek and in the lower Grand river 
downstream from Caledonia. Elevated levels were 
measured throughout the highly populated areas of the 
central basin, in the Speed river below Guelph, 
Canagagigue creek below Elmira, the lower reaches o i  
the Conestogo river and thoughout the Nith river basin 
(Ref. 9). 

The Grand River Conservation Authority, in co-operation 
with local Ministry of Health offices, conducts weekly 
bacteriological sampling of all of the public swimming 
areas under their jurisdiction. Bacteriological conditions 
in these areas are good. Over the past six years there have 
only been two instances when it was necessary to close 
the beach for a few days. 

Lake Erie, in the vicinity of the Grand river mouth, is not 
substantially affected by bacterial contaminants gener- 
ated within the basin. 



Suspended Sediments 

SWIMMING: At Rockwood on the Speed river 

A detailed evaluation of bacterial contaminants in the 
Grand river i s  presented in a recent report prepared for 
the IJC-PLUARG studies (Ref. 10). Some of the general 
findings are: 

- the impact of adjacent land uses on bacterial water 
quality is  most pronounced in small sub-watersheds 
(urban and rural) due to low streamflows which do 
not provide adequate dilution of bacterial 
contaminants. 

- bacterial pollution is localized and site specific. 
Generally, micro-organisms are not transported 
downstream great distances from pollution sources. 

- seasonal variations in populations of indicator 
organisms suggest that the maximum contribution 
of bacterial pollutants occur during the summer and 
fall periods. Bacterial inputs during the winter and 
spring months are generally low. 

Suggested Remedial Measures 

In order to control bacterial contamination in urban and 
rural areas, remedial measures must be applied at the 
sources of pollution. In rural areas, runoff from barn- 
yards, feedlots, manure piles, etc., should be directed 
away from watercourses. In urban areas, regular street 
sweeping and storm sewer maintenance programs should 
be practised. Sewage treatment facilities should be 
operated to maximize the effectiveness of chlorination 
and, wherever possible, disinfection should be provided 
to any sewage bypassed during severe storms or during 
plant breakdowns. 

Suspended sediments in a river render the water 
aesthetically unattractive because of the resultant mud- 
dy or milky appearance. High levels of suspended 
sediments may interfere with uses such as swimming or 
water supply and can exert stresses on fish (Ref. Tech. 
Report No. 13). Subsequent deposition of organic par- 
ticulate material can exert a demand on the oxygen 
resources of the watercourse. 

In considering various water pollution control measures, 
it is also important to note that phosphorus, some heavy 
metals, pesticides and other organic substances readily 
associate with and are carried by particulate matter. 

Sources of suspended sediment are rural areas, urban 
areas and sewage treatment plants. Rural areas, con- 
tributing over 90% of the total basin loading, are the ma- 
jor source of suspended sediments. In rural areas, a com- 
bination of physical characteristics such as soil type and 
slope, and man's activities such as cropping and tillage 
practices has contributed to increased suspended sedi- 
ment loadings throughout the basin (Ref. Tech. Report 
No. 27). 

RURAL SOIL EROSION: Over 90 percent of the total river 
suspended sediment loadings comes from rural sources 

The major source of suspended sediment from urban 
areas i s  stormwater runoff from construction sites. Table 
6.9 shows the sediment-contributing sources and 
seasonal distribution of suspended loading at four loca- 
tions in the Grand river basin. Approximately 80 per cent 
of the annual suspended sediment input occurs during 
late winter-early spring snow thaws and storms. 



Suggested Remedial Measures 

URBAN SOIL EROSION: The majority of urban erosion 
results from construction activities 

In most areas, inputs from rural sources dominate, but 
in highly urbanized tributary areas such as those found 
in the central basin, urban non-point sources can be 
significant. 

An evaluation oiConnor Bay in Lake Erie shows that the 
discharge ot suspended sediments irom the Grand river 
has little environmental impact. The implications of trace 
pollutants carried to the lake with the suspended 
sediments have not been assessed. 

River Section 

Upper Basin (TO Br~dgeportl 

Specd River Basin 

Upper & Middle Basin (To Paris1 

Total Grand Klvrr Barln 

.STP - sewage Lrcatrnent plant 

Control of particulate loading in the Crand river basin 
is required to minirnize physical effects such as turbidi- 
ty and streambed sedimentation. As well, such controls 
would reduce the input of phosphorus and trace con- 
taminants which associate with solids irom point sources 
as well as urban and rural land drainage. Control pro- 
grams can range from relatively inexpensive measures 
which are easy to implement to costly procedures which 
are difficult to implement. Efforts should be directed to 
implementing al l  practical methods of reducing sus- 
pended sediment inputs from urban and rural areas. 
However, because the river passes through clay plains 
where fine sediments can be entrained, sections of the 
river such as the lower Grand will always be turbid. 

Trace Contaminants 

Trace contaminants are substances such as heavy metals, 
pesticides and industrial organic compounds which may 
occur in water in the parts per billion range or less. If 
present in sufficient concentrations, these contaminants 
can affect the health and survival of fish and otheraquatic 
organisms, particularly in areas o fa  watercourse where 
dissolved oxygen is depleted. Substances such as mer- 
cury, in its organic or methylmercury form, and some 
organic compounds such as mirex and polychlorinated 
biphenyls (PCBs) can bioaccumulate in fish, sometimes 
to the point where consumption by humans should be 

Table 6.9 
Contributing Sources and Seasonal Distribution of 

Suspended Sediment Loadings 

"UD - urban non~point diffuse sources 
'"RD - rural non-paint diffuse sources 

Suspended Scd~mcnt Loading 
ltonnei x 101!01 

Contributing Sources and Seasonal Distribution 
of Loading 

II 



restricted or stopped. Elevated levels of trace con- 
taminants can also affect the suitability of water for 
municipal water supply or agricultural uses such as 
livestock watering and irrigation. 

Metals are elements of the earth's crust and can be found 
naturally in low concentrations virtually everywhere. 
Also, they are contained in sewage treatment plant 
discharges, industrial wastes, urban stormwater drainage 
and rural land drainage. Domestic and industrial effluents 
from municipal sewage treatment plants and urban land 
drainage, including atmospheric fallout of pollutants such 
as lead from automobile exhaust, appear to be the most 
significant sources of metals in the Grand river basin. 

Pesticides and many industrial organic compounds do 
not occur naturally and their presence i s  attributable to 
man's activities. Pesticides, including herbicides, 
fungicides, and insecticides are used for insect and weed 
control in both rural and urban areas and are found in 
runoff from both types of areas and in sewage treatment 
plant discharges. Industrial organic compounds are us- 
ed virtually everywhere. Electrical equipment, paints, 
solvents, caulking compounds, printing ink, plastics, 
cosmetics and pharmaceuticals are only a few ofthe pro- 
ducts in which industrial organics have been used. 
Because of their widespread use, these compounds are 
present in sewage treatment plant discharges and land 
drainage, most notably from urban areas. 

The dioxin compound 2,3,7,8-TCDD is an extremely tox- 
ic organic chemical iound as an unwanted by-product 
in the herbicide 2,4,5-T. During the 1960s, large quan- 
tities oi2,4,5-T were processed at Uniroyal Ltd, in Elmira. 
Extensive testing of surface and ground water and fish 
has been carried out at Elmira. No trace o i  this dioxin 
has been found in samples analyzed to date. Testing i s  
continuing. 

Through routine monitoring programs and the PLUARG 
studies, sarnples for metals and pesticides analysis have 
been collected at several locations in the Grand river 
basin. Heavy metals data for a monitoring station at Glen 
Morris were compared to the provincial water quality 
objectives for the protection of aquatic life (Ref. 7). 
Chromium, nickel and arsenic met the objectives but 
lead, zinc, copper and cadmium slightly exceeded them. 
No studies have been undertaken to determine if those 
metals exceeding the objectives are signiiipntly affec- 
ting the aquatic communities. An evaluation of the metals 
data with respect to the Ministry of the Environment's 
criteria for drinking water, livestock watering and irriga- 
tion shows that all the metals are well within the accep- 
table limits for these uses. 

Pesticides data collected at the mouth of the Grand river 
for the PLUARG studies show that DDT, dieldrin, chlor- 
dane, heptachlor epoxide, endosulphan, endrin, lindane 
and atrazine are present but well within the Ministry of 

DETECTING CONTAMINANTS: This requires expensive and 
elaborate equipment as shown here at MOE lab 

the Environment's objectives for the protection of aquatic 
biota and livestock watering (Ref. 7). Concentrations also 
meet Health and Welfare Canada's guidelines for drink- 
ing water. PCB levels slightly exceed the objective ior 
the protection of aquatic biota but are well within the 
Ministry of the Environment's proposed guideline for 
drinking water. There is no PCB guideline for agricultural 
uses of water. 

To measure the levels of trace contaminants in sport fish, 
specimens were collected from the lower Grand river 
from Caledonia to Lake Erie; the Crand river near Kit- 
chener and the Speed river in Cambridge. Mercury con- 
centrations in most fish are low, however, concentrations 
in some of the larger fish of predatory species such as 
walleye, northern pike, smallmouth bass and coho 
salmon are elevated to the point where consumption 
should be restricted to a few meals per week. Only the 
very large walleye, over 65 centimeters (2 it) in length, 
from the lower Crand river are not suitable for any con- 
sumption. PCBs were present at low concentrations in 
all fish tested but impose no restriction on consumption. 
Mirex was not detected in any of the fish tested. Fish from 
Canagagigue creek, upstream and downstream from 
Elmira have been tested for the dioxin - 2,3,7,8-TCDD. 
This substance was not detected in any fish from the 
creek. Detailed information on contaminants in sport fish 
from the Grand river as well as consumption advice i s  
contained in the Ministry of the Environment publica- 
tion "Guideto Eating Ontario Sport Fish -Southern On- 
tario, 1981" (Ref. 11). 

in recent years, scientists have developed methods of 
testing for very low concentrations of literally thousands 
of industrial organic compounds. Due to the high costs 
of analysis and limited laboratory capacities, data on the 
presence of these substances in the waters of the Grand 
river are sparce. Samples collected for the basin study 
from Canagagigue creek, the Grand river from 
Canagagigue creek to Caledonia and the Speed river, 



show the presence of a wide variety of organic com- 
pounds at very low concentrations. While there have 
been few objectives or guidelines established for these 
compounds, a review of available literature indicates that 
concentrations of substances measured to date from the 
Grand river should pose no threat to aquatic life or use 
of the river for water supply. 

Suggested Remedial Measures 

While some trace contaminants are soluble in water, 
many associate with particulate matter. Advanced 
sewage treatment ior nitrification and effluent filtration 
at major sewage treatment plants should reduce sus- 
pended solids loadings and thus particulate-associated 
substances. 

Methods to minimize suspended solids inputs from rural 
and urban non-point sources would also result in a reduc- 
tion of trace contaminant loadings. 

In order to identify the type and location of future 
remedial measures which would be carried out, further 
industrial organic compound sampling should be carried 
out in the Grand river and its major tributaries as well 
as in sewage treatment plants and urban drainage systems 
and major municipal ground water aquifers, to identify 
sources and concentrations o i  key trace contaminants. 
Particular emphasis should be placed on sampling 
municipal water supply withdrawal locations. Appendix 
E outlines a proposed organic contaminant monitoring 
program. 

Toxic Substances 

Chlorine and un-ionized free ammonia are two toxic 
substances which can stress or kill iish and other aquatic 
life forms at relatively low concentrations. 

Chlorine is used as a disinfectant at all conventional 
sewage treatment plants in the basin to eliminate bacteria 
and other disease causing micro-organisms before the 
treated wastewater i s  discharged to the river. In order 
to ensure disinfection, common practice i s  to achieve 
a total chlorine residual of about 0.5 mgiL aiter treatment. 

The provincial objective for chlorine for the protection 
of fish is  0.002 mgiL or about 11250th of the sewage treat- 
ment plant residual level. The toxic forms o i  chlorine, 
free chlorine and chloramines (chlorine and nitrogen 
compounds), are relatively short-lived in the receiving 
waterbodies but, for distances ranging from a few metres 
to several kilornetres below a sewage treatment plant out- 
fall, chlorinecan severely affect the aquatic community. 

Un-ionized iree ammonia (molecular ammonia) i s  the 
toxic form of this substance. Its presence in this form is 
dependent upon water temperatureand pH. Since warm 
water and alkaline conditions result in elevated un- 
ionized free ammonia concentrations, summer condi- 
tions are most critical for this toxicant. The provincial ob- 
jective for un-ionized free ammonia i s  0.02 mglL. 

Un-ionized free ammonia occurs naturally in low con- 
centrations (0.002 mg/L)* and is present in higher con- 
centrations in wastes discharged from sewage treatment 
plants (in the order of 0.5 mg/L) or direct runoii from 
livestock operations. It can occur at levels approaching 
the provincial objective (0.02 mg1L) in the deep water 
areas of reservoirs during the summer stratification 
period. 

Chlorine and ammonia compounds are present, to some 
extent, downstream from most conventional sewage 
treatment facilities in the basin. Wastewater discharges 
from lagoons are not chlorinated and, therefore, chlorine 
toxicity i s  not a problem below these facilities. The most 
serious conditions exist downstream from the large 
sewage treatment plants serving the major population 
centres. Chlorine and un-ionized iree ammonia from 
sewage treatlnent facilities in the Grand river basin do 
not affect water quality or the aquatic communities in 
Lake Erie. 

Chlorine, ammonia and many other wastewater com- 
ponents cannot usually be reduced to the provincial 
water quality objectives in the treated effluent without 
large expenditures and the use o i  very sophisticated 
technology. To accommodate practical treatment limita- 
tions the mixing zone or limited-use zone concept is ap- 
plied. A designated area immediately adjacent to the out- 
fall is identified as a zone where concentrations may ex- 
ceed the objectives, but on the other hand, will not be 
rapidly lethal to important aquatic organisms. A mixing 
zone should not extend across the entire stream present- 
ing a barrier to the migration o i  fish and other aquatic 
organisms; rather, a substantial zone of passage with 
pollutant concentrations below the objectives is need- 
ed. Discharges from treatment plants must be designed 
to keep mixing zones as small as possible. Acceptable 
mixing zones are determined on a case by case basis, 
and are not used as an alternative to treatment. Am- 
monia, chlorine and mixing zones for major 
municipalities in the Grand river basin are discussed in 
more detail in Technical Report No. 29. 

*Based on mid-summer water quality conditions in the 
headwater area, (Marsville), with a water temperature 
of 25°C and pH of 8.5. 



Suggested Remedial Measures 

With expanding populations and increasing agricultural 
activity, efiorts should be made to reduce the input of 
toxic substances. Farming practices should ensure that 
runoff from manure piles, barnyards and feedlots, a5 well 
as overland transportation o i  nitrogen from recently fer- 
tilized fields are minimized and not discharged directly 
to watercourses. Measures should be investigated to 
minimize the formation of un-ionized free ammonia in 
the deep water areas of the major reservoirs, andlor to 
reduce the discharge of these ammonia enriched waters 
to the downstream reaches. 

The impacts of toxicants can be reduced but not 
eliminated by maximizing the efficiency of the sewage 
treatment plants and maintaining good operating prac- 
tices. Ammonia levels can be reduced by adding nitrifica- 
tion facilities to the existing plants while chlorine pro- 
blems could be eliminated by using a different form of 
disinfection or by dechlorination. Small sewage treatment 
facilities in the basin should be operated in a manner 
to minimize the input of ammonia and chlorine. 

6.3.3 Objective for Ground Water Quality 

The goal o i  the Province of Ontario for ground water 
water quality management as stated in "Water Manage- 
ment - Goals, Policies, Objectives and Implementation 
Procedures of the Ministry of the Environment" (Ref. 71 
is to protect the ground water irom any source o i  con- 
tamination which may aifect water supplies for drinking 
water and agricultural uses. In addition, protection of 
aquatic life i s  a consideration in cases where ground 
water is a significant component of streamflow. As in the 
case of surface water, various criteria for specific water 
uses have been set to achieve this goal. 

6.3.4 Problems With Ground Water Quality 

Ground water quality problems can be classiiied into two 
divisions: regional and local. The main regional water 
quality problem i s  the presence of a large amount o i  
dissolved solids, due mainly to sulphate, which occurs 
naturally in bedrock ground waters in the western and 
southern portions of the watershed. This condition often 
limits the use of this water ior drinking water and 
agricultural purposes. 

Man-made contamination is generally confined to 
speciiic sites and is usually of a local nature. The chiei 
sources of contamination in the Grand river basin are 
old industrial land iill sites such as those located near 
Elmira on Canagagigue creek and at Breslau on the 
Grand river, Industrial chemicals from the Elmira site 
have seeped into the same aquifer that supplies the town 
with drinking water. However, no contaminants have 
been detected in the drinking water supply and an in- 
tensive monitoring program is being carried out to 

delineate the problem. The Breslau site, an abandoned 
land fil l site containing industrial oils and solvents, has 
contaminated the aquifer and, until recently, the adjoin- 
ing portion o i  the Grand river. Investigations are being 
carried out to determine the most efficient means of 
limiting or removing the contamination. At present, the 
leachate from the site is being contained and trucked to 
the Kitchener sewage treatment plant. 

Increasing amounts of hydrologic, chemical and geologic 
data are required to identify the areas and mechanisms 
by which pollution enters the ground water ilow system. 
A basic ground water quality network to monitor quali- 
ty on the regional scale in the basin is being designed 
by the Ministry of the Environment as pan of an overall 
provincial network. However, a more intensive network 
for the monitoring and surveillance of local contamina- 
tion problems and water quality in specific municipal 
aquifers should be developed in addition to the general 
provincial network. Observation wells in the intensive 
network should be located in major municipal aquifers 
to provide early warning of any contamination. Particular 
attention should be made to monitoring aquifers located 
near possible sources of contaminants. 

6.4 Public Perceptions of 
Water Management Problems 

Several public involvement mechanisms were used to 
ensure that the basin study was addressing the main 
water management concerns of basin residents. 

In a series of twelve public meetings held in various com- 
munities throughout the watershed in the spring o i  1979, 
ninety-five participants ranked the five major water 
management concerns as: 

1) water quality 
2) ilooding 
3) water supply 
4) environmental protection and conservation 
5) tourismirecreation, floodplain zoning. 

In a 1971 survey of 400 residents in Waterloo County, 
now the Regional Municipality o i  Waterloo, the major 
water management problems were ranked as iollows 
(Ref. 12): 

1) water quality 
2) water supply 
3) flooding. 

However, public perceptions vary depending on a varie- 
ty o i  factors including background knowledge, time of 
year a questionnaire survey is conducted and local 
events. This was evidenced by the results of a question- 
naire completed by four public consultation working 
groups representing the upper, mid-upper, mid-lower 
and lower regions of the watershed, established as in- 



PUBLIC MEETINGS: One of 12 held throughout the Watershed 

formal groups to provide advice. The questionnaire was 
conducted after a year o i  intensive review of the basin 
water management problems and feasible solutions. In 
contrast lo the previous two questionnaire results, the 
working groups ranked the main concerns as: 

1) water supply 
2 )  flooding, water quality (both ranked equally) 

Maintaining an adequate water supply emerged as an im- 
portant objective in all the regions except the upper 
region where supply was not perceived as a problem. 
In the mid-upper region, it was deemed important that 
the water demands of the urban municipalities do not 
threaten rural ground water supplies. The group refer- 
red specifically to the pumping activities oithe Regional 
Municipality of Waterloo in Wilrnot township. 

All four groups described flood damage reduction as an 
important objective. Areas of special concern were 
Grand Valley in the upper region, Cambridge in the mid- 
upper region. Paris and Brantford in the mid-lower 
region, and Port Maitland in the lower region. 

The group representing the upper region felt that as a 
minimum objective, existing water quality in the Grand 
river should be maintained. The group representing the 
mid-upper region felt that the water leaving the region 
should be suitable for drinking purposes for downstream 
municipalities. Groups from the upper and mid-upper 
regions questioned the need to improve water quality 
to support recreational activities such as swimming and 
sport fishing. In contrast, the group representing the 
lower region, where water-based recreation is of prime 
interest, felt that the best water quality possible should 
be achieved. 

Of special concern in the upper region, where most of 
the reservoir sites are located, is the amount of 
agricultural land which would be removed from produc- 
tion or restricted in any way by the implementation of 
water management plans. 

Generally, recreational use was of a low priority. 
However, in the lower region where a number of water- 
based recreational activities are pursued, a high 
priority was placed on future water-based recreation by 
the group representing this region (Ref. Tech. Report No. 
43). 



7. WATER MANAGEMENT 
MEASURES FOR LOCAL 

The previous chapter described the major water manage- 
ment problems for which specific projects are required 
to meet the basin study objectives at a basin-wide level. 
Various water management plans for the Grand river 
basin were formed from these specific projects and are 
discussed in Chapter 8 and Appendix 6 .  These plans, 
however, do not deal specifically with the local water 
management problems which should be solved to aid 
any water management plan in meeting the basin study 
objectives. 

The following sections discuss flooding, water supply and 
water quality issues as they apply to local areas in the 
following river systems: upper Grand river, middle Grand 
river, Conestogo river, Canagagigue creek, Nith river, 
lower Grand river and Speed and Eramosa rivers. Pro- 
jects which would contribute to solving the local pro- 
blems are also described. Cost data and the staging of 
sewage treatment projects are based on the medium 
population projection for the various communities and 
are summarized in Table 7.2. Information relating to test 
drilling for additional sources of water supply in local 
areas is detailed in Technical Repon No. 10. 

7.1 Upper Grand River System 

Flooding 

Some flooding problems are experienced in the com- 
munities of Grand Valley and Elora. In Grand Valley, 
flooding occurs due to high flows or ice jamming through 
the central portion of the village. A $1.4 million chan- 
nel works project i s  recommended to contain a flood 
having a frequency of 1 in 23 years. Elora experiences 
minor flooding in some recently renovated stores adja- 
cent to the Grand river. No remedial measures are pro- 
posed, but early ilood warnings are stressed. 

Water Supply and Water Quality 

Dundalk - The municipal water supply system consists 
of three bedrock wells with a combined rated capacity 
of 1,964 mVd (0.432 mgd). This supply will be sufficient 
to meet the average daily demand in the year 2031. Ad- 
ditional bedrock yield in the area is judged to be in ex- 
cess of 1,309 m'id (0.288 mgd). Two areas presently ac- 
cessible for test drilling have been identified. 

Streamflows are low in the vicinity of Dundalk which dic- 
tates the necessity of seasonal discharge lagoons for 
sewage treatment. It is planned to expand the existing 
lagoon system by adding pre-aeration units and increas- 
ing the storage capacity of the lagoons. The lagoon 
system will then have a capacity to service 3,700 peo- 
ple and will be sufficient to meet 2031 medium popula- 
tion demands. 

Grand Valley - As there is no municipal water system 
jerving Grand Valley, residents use individual private 
wells. Bedrock in the area provides a good aquifer and 
should yield sufficient water for future population 
increases. 

Under existing, low streamflow conditions, the treated 
wastewater discharged from the village's extended aera- 
tion plant results in un-ionized free ammonia levels in 
the river in excess ofthe0.02 mg/L provincial water quali- 
ty objective. The ammonia objective could be achieved 
during the critical summer months through increased 
streamilow from the Luther marsh and/or by the improve- 
ment o i  nitrification at the sewage treatment plant (Ref. 
Tech. Report No. 17). A review of streamflow regulation 
from the Luther reservoir i s  presently being undertaken. 
Future expansion of the sewage treatment plant in 1991 
will require the installation of nitrification facilities. 

Fergus - The municipal water supply system consists 
of five bedrock wells with a combined rated capacity of 
8,018 m'id (1.764mgd).Thissupplycan meettheaverage 
daily demand projected for the year 2001. However, an 
additional supply of about 2,441 m3!d 10.537 mgd) will 
be needed to meet the projected average daily demand, 
based on a medium population projection, in the year 
2031. The water from the Fergus municipal wells is very 
hard, and exceeds drinking water criteria for iron, 
sulphate and total dissolved solids. While yields from 
bedrock tend to increase with depth, water quality may 
deteriorate. Additional municipal supplies may be 
developed in the basal sands and gravels andior bedrock 
of a buried bedrock valley that runs through the north 
western section of Fergus. Another area recommended 
for test drilling in bedrock has been identified where the 
optimum well depth for suitable water quality appears 
to be approximately 70 m (225 feet). 

Under low, summer streamflow conditions, the treated 
wastewater discharged from the conventional activated 
sludge plant serving Fergus and the ammonia-enriched 
waters from the bottom zone o i  Belwood reservoir 
discharged to the river, combineto raise on occasion, un- 
ionized free ammonia levels above the 0.02 mgiL objec- 
tive downstream from Fergus. The ammonia objective 
could be achieved bv: 

1) operating the existing sewage treatment plant to 
provide some nitrification (to 4 mg!L ammonia). 
Any future expansion of the Fergus sewage treat- 
ment plant will require the installation of nitrifica- 
tion facilities 

2) reducing ammonia levels in water discharged from 
the Belwood reservoir. Reduction in upstream am- 
monia levels could possibly be done by lake aera- 
tion and upstream nutrient control 

3) a combination of the above (Ref. Tech. Report No. 
17). 



Elora - The municipal water supply system consists of 
two bedrock wells, with a combined rated capacity of 
3,036 rn'ld (0.668 mgd).Thissupplycan lneettheaverage 
daily demand projected for the year 2001. To meet the 
average daily demand in the year 2031, based on a 
medium population projection, an additional 1,045 
m3/d (0.230 mgd) may have to be developed. Although 
bedrock in this area is generally considered to be a good 
aquiier, bedrock yields are highly variable. Test drilling 
for potential municipal supplies i s  recommended in a 
buried bedrock valley to the south of Elora. 

The village's conventional activated sludge sewage treat- 
ment plant has been expanded recently from 380 to 
3,000 mYd. Under present streamflow and hydraulic 
loading conditions, the provincial water quality objec- 
tives ior dissolved oxygen and ammonia are satisfied. 
However, when the plant reaches its hydraulic capaci- 
ty, partial nitrification oithe effluent to 6 mglL ammonia 
would be required to meet the instream un-ionized am- 
monia objective of 0.02 mglL under current low i low 
conditions. This should be achievable with careful opera- 
tion of the existing plant. While the increased capacity 
of the plant i s  sufficient to meet the village's growth to 
the year 2006, any further expansion of the Elora sewage 
treatment plant will require nitrification and iiltration of 
the effluent, l i the Montrose dam were constructed, the 
physical configuration o i  the stream would change, 
which may alter the mixing zone downstream from the 
sewage treatment plant. This condition could influence 
the assimilative capacity of the watercourse. Further 
assessment to determine the impact of the nutrients in 
and toxicity of the Fergus and Elora sewage treatment 
plant effluent would be required ii this dam were con- 
structed (Ref. Tech. Report No. 17). 

7.2 Middle Grand River System 

Flooding 

Flooding in the middle Grand river basin is confined 
largely to those flood damage centres identified in 
Chapter 6 ior the middle part of the Grand river basin. 
Although dykes have recently been installed in Kitchener 
(Bridgeport), there i s  still a slight possibility that flooding 
may occur if they were overtopped or breached. At West 
Montrose, some ilooding occurs, mainly as a result of 
ice jams. Early flood warnings to this area are stressed. 
Measures to reduce flood damage in other centres in the 
middle Grand river basin are described in detail in 
Chapter 9. 

Water Supply and Water Quality 

Maryhill - The community is  dependent largely on 
private domestic wells for i t s  water supply. One subdivi- 
sion with about 150 residents i s  serviced by one over- 
burden well and one bedrock well operated by the 

Regional Municipality of Waterloo. The combined rated 
capacity of these wells of 327 m3/d (0.072 rngd) should 
be sufficient to meet the average daily demands of the 
entire community in the year 2031. There i s  a good 
potential ior additional ground water development in this 
area. 

Sewage treatment is achieved by individual, private sep- 
tic tank systems. No water quality problems are an- 
ticipated now or in the future. 

7.3 Conestogo River System 

Flooding 

Flooding in the Conestogo river basin is confined main- 
ly to Drayton where the river passes through the centre 
of the village. High flows cause periodic flooding to 
several residential blocks. Two dyking alternatives to 
resolve these problems are proposed at a cost oiapprox- 
imately $200,000. 

Water Supply and Water Quality 

Arthur - The municipal water supply consists of five 
bedrock wells, with a combined rated capacity of 2,027 
m3/d (0.446 mgd), and one standby bedrock well rated at 
850 m3/d (0.187 mgd). This supplyappearsto besufficient 
to meet the projected average daily demand in the year 
2031. The Guelph iormation bedrock in this area has 
good potential for high-yield development and there 
should be little difficulty in securingadditional municipal 
water supplies. Two areas suitable for test drilling for 
municipal supplies have been identified. 

The seasonal discharge lagoon serving the village is nor- 
mally discharged very quickly during periods of high 
streamflow in the spring or fall and, consequently, no 
resultant water quality problems have been observed to 
date. If these high flows (spring or fall) do not occur dur- 
ing a very dry year, the un-ionized ammonia objective 
o i  0.02 mglL will not be met downstream from the 
lagoon. Discharge proportional to streamilow during the 
period October to May would assist in meeting this 
criteria (Rei. Tech. Report No. 19). The existing hydraulic 
capacity ofthe lagoon will service approximately 2,100 
people. Depending upon population growth, this capaci- 
ty will be exceeded at some point between the years 
1985 and 2001. 

Drayton - Village residents are now serviced by in- 
dividual and communal private wells. A municipally 
operated system has been proposed. Ground water 
resources in the underlying bedrock are sufficient to meet 
the community's needs. 

Sewage treatment is  achieved through individual, private 
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CANAGAGIGUE CREEK AT ELMIRA: Shown in the photo are (1) Uniroyal chemical complex; (2) Uniroyal industrial point treatmenl 
plant; (3) former waste disposal sites; (4) Canagagigue creek. 

septic tank systems. Malfunctioning septic tanks and tile 
iields in the community have resulted in bacteriological 
contamination of the Conestogo river. The potential for 
contamination o i  ground water and thus private water 
supplies also exists. As a result, a municipally-operated 
annual discharge lagoon is currently being planned for 
the village. Discharge will occur in November and 
December to coincide with the draw-down operations 
of the Conestogo reservoir. By following this procedure, 
downstream water quality degradation should not occur 
(Ref. Tech. Report No. 19). 

St. Jacobs - St. Jacobs shares a common ground water 
supply with Elmira. 

Conditions in the Conestogo river downstream from St. 
Jacobs are acceptable at present. Further growth in the 
village would be contingent upon reducing ammonia 
levels in the sewage treatment plant effluent to 5 mgIL. 
This measure will ensure that the in-stream water quali- 
ty objective for un-ionized ammonia of 0.02 mgIL will 

be met. The sewage treatment plant is currently near its 
hydraulic capacity and further expansion will soon be 
required to meet future growth. 

7.4 Canagagigue Creek System 

Flooding 

No major ilooding problems are experienced in com- 
munities situated adjacent to Canagagigue creek. 

Water Supply and Water Quality 

Elmira -The water supply system for Elmira-St. Jacobs 
consists of six overburden wells in Elmira connected via 
a pipeline to two bedrock wells in St, Jacobs. The com- 
bined rated capacity of 21,000 mVd (4.61 mgd) will be 
sufiicient to meet the estimated average daily demand 
in the year 2031. An additional 3,600 m'ld (0.79mgd) 
is estimated to be available from the existing well iields. 

Recent investigations have discovered that industrial 
organic compounds are leaching from abandoned waste 
disposal sites into the underlying aquifer. However, no 
contamination has been detected in the adjacent ground 
water supply wells at Elmira. Hydrogeologic investiga- 
tions are presently being carried out to determine the 
extent of aauifer contamination and the remedial 



measures required to protect the drinking water supply. 

Elmira is currently served by a 3,100 m3id (0.682mgd)con- 
ventional activated sludge sewage treatment plant which 
treats both the town's municipal wastewater as well as 

pretreated effluent from Uniroyal Ltd. Water quality con- 
ditions in Canagagigue creek downstream from Elmira 
are seriously degraded, most notably by bacterial 
contamination and high levels of un-ionized free am- 
monia. Trace industrial organic compounds have also 
been measured in the plant's effluent and the stream. 
Current plans call for a plant expansion to 4,600 m3id 
(1.01 1 mgd) with nitrification, filtration and influent flow 
proportioning oftown and Uniroyal wastes. With these im- 
provements and a minimum outflow from the Woolwich 
reservoir of 0.28 m3is (10 cis), instream un-ionized am- 
monia levels will be reduced from 0.08 to 0.03 mgiL and 
the dissolved oxygen criteria of 4 mgiL will be met (Ref. 
Tech. Report No. 16). 

The present plant expansion will service a population of 
approximately 8,200 people and will accommodate 
growth to the year 1991. At that time, the sewage treat- 
ment plant will be utilizing the maximum assimilative 
capacity of Canagagigue creek. Further growth in Elmira 
will require the investigation of several expensive treat- 
ment alternatives such as the addition of new advanced 
sewage treatment; a pipeline diversion of the sewage ef- 

Flood 
Damage 
Centres 

New Hamburg i--- 
Plattsville 

Paris 

TOTAL 

Note: 

fluent, either to the Grand river or to another sewage 
treatment facility such as the Kitchener or Waterloo 
sewage treatment plant; or a combination of the above. 

7.5 Nith River System 

Flooding 

Flooding occurs at New Hamburg, Plattsville and Ayr. 
Paris, located at the confluence of the Nith and Grand 
rivers, also has flooding but this is usually caused by high 
flows on the Grand river. Flood damage reduction could 
be accomplished either through construction of the 
Nithburg reservoir or dyking and channelization. 
However, dykingand channelization providea less costly 
and more effective solution than does a reservoir (Table 
7.1). Details on flood damage reduction plans for Paris 
and New Hamburg have been included in the discus- 
sion of the final plans (Chapter 9). 

Water Supply and Water Quality 

Milverton - The water supply system for Milverton con- 
sists of two wells with a combined rated capacity of 1,432 
m3id (0.31 5 rngd). Thissupplyshould besufficientto meet 
the average daily demand, based on a medium popula- 
tion projection, in the year 2031. Additional supplies can 

Table 7.1 Flood Damage Reduction on the Nith River 

Existing Flood 
Damages at 6% 

Discount 
(8 )  

Reduction in 
Flood Damages 

by Nithburg 
Reservoir at 

6% Discount 
($) 

220,668 

Reduction in 
Flood Damages 

by Channel 
Improvement 

at 6% Discount 
(8) 

Cost of 
Nithburg 
Reservoir 

(8) 

Cost of 
Channel 
Improve- 

ments 
(8) 

760,000 

50,000 

NIA 

.. 

* Paris is located at the junction oithe Grand and Nith rivers. Flood damages are generally caused by the Grand river. 

NIA Not Available 



be obtained from two un-equipped, stand-by wells rated 
at 1,146 m3/d (0.252 rngd). Overburden and bedrock in 
the area have potential for future development, and an 
area recommended for test drilling has been identified. 

The seasonal discharge lagoon serving Milverton is 
located to the southwest of the village, beyond the boun- 
daries of theGrand river basin. It is normally discharged 
during the fall, winter and springto the receiving water- 
course, the Boyle Drain, which joins the Maitland river. 
The existing treatment lagoon was expanded in 1981 and 
now consists of three aerated cells and two storage cells. 
Assuming a medium population growth for the village, 
this facility should be adequate to the year 2006. 

Wellesley -Water supply is based on private well sup- 
plies and one municipal communal system. The existing 
ground water aquifer should be adequate to meet future 
water demands. 

Streamflow in the Nith river near Wellesley i s  very low, 
especially during the summer months. As a result, near 
stagnant conditions occur periodically. Treated 
wastewater discharges from the extended aeration plant 
elevates un-ionized free ammonia concentrations 
downstream. To solve this problem at the present plant 
capacity, treatment requirements would include nitrifica- 
tion to 5 mgiL total ammonia and a discharge rate pro- 
portional to streamflow. Expansion of the existing plant 
will be required by approximately 1991 to meet the 
medium population requirements. For any expansion of 
this facility, seasonal storage of the final effluent will be 
required during the critical summer low-flow months 
with discharge proportional to streamflow at other times. 

New Hamburg - The water supply system for New 
Hamburg and Baden consists of two overburden wells 
in Baden, connected by pipeline to two overburden wells 
in New Hamburg. The combined rated capacity of 7,655 
m3/d (1.684mgd) should be sufficienttosatisfytheaverage 
daily demands projected for the year 2031. A potential 
test-drilling area for additional municipal supplies has 
been identified. However, the development of the up- 
per aquifer within this recommended area could result 
in interference problems with nearby Kitchener-Waterloo 
municipal wells and private wells in the area. 

No water quality problems are being experienced in the 
Nith river downstream from New Hamburg. Expansion 
of the existing lagoon facility i s  presently underway. The 
expanded facilities will include pre-aeration, lagoons, in- 
termittent effluent filtration (to provide nitrification), and 
discharge proportional to stream flow. Post-aeration may 
be required in the storage lagoon if hydrogen sulphide 
is produced. Depending upon effluent quality, this facility 
will serve approximately 5,000 to 6,000 people and will 
provide capacity to the year 2021 for a projected medium 
population (Ref. Tech. Report No. 18). 

Baden - Baden shares a common ground water supply 
with New Hamburg. 

Although the extended aeration plant serving Baden pro- 
duces a high quality effluent, very low streamflow in 
Baden creek results in degraded water quality conditions 
below the sewage treatment plant. Poor upstream water 
quality aggrevates this problem. 

Plattsville - The community is serviced by a water supp- 
ly system of two overburden wells having a combined 
rated capacity of 1,700 m3/d (0.374mgd).ThissupplywiII 
likely exceed projected demand in the year 2031. Addi- 
tional supplies may he developed in overburden in this 
area. 

Two storage lagoons and two aerated lagoons were in- 
stalled in Plattsville in 1980 to provide sewage treatment. 
Effluent from the lagoons is  discharged seasonally to the 
Nith river. This facility will serve approximately 960 peo- 
ple and will provide capacity to the year 2031 for a pro- 
jected medium population. 

Ayr - The water supply system for Ayr consists of two 
overburden wells with a combined rated capacity of 
4,714 mYd (1.037 mgd). This supply appears to be suffi- 
cient to meet the projected average daily demands in the 
year 2031. There appears to be a good potential in this 
area for additional ground water development, in over- 
burden and bedrock. 

A recently constructed extended aeration sewage treat- 
ment plant will serve the projected medium population 
for the next twenty years. Further expansion will require 
nitrification of the effluent. No water quality problems 
are experienced at present. 

New Dundee - The water supply i s  based on private 
well supplies and one municipal communal system hav- 
ing 2 wells with a capacity of 851 m3id (0.19 mgd). 

Sewage treatment i s  by private septic tanks 

Paris -The municipal water supply system for Paris con- 
sists of two overburden wells and a shallow ground water 
collector system with a combined rated capacity of 
15,181 m3/d (3.34 rngd). This supply i s  greater than the 
average daily demand projected for the year 2031. An 
area recommended for future test drilling appears to con- 
tain two overburden aquifers - a basal formation near 
the Grand river and an upper formation extending 
eastward to the Village of St. George. 

The town is served by a 2,300 mjld (0.506 rngd) ex- 
tended aeration plant which discharges to the Grand 
river downstream from its confluence with the Nith river. 
The wastewater discharge has minimal impact on water 
quality in downstream reaches of the Grand river. It is 
expected that the present expansion of this facility to 
6,900 m'ld (1.52 mgd) will provide an adequate level of 
treatment to the year 2031 (Ref. Tech. Report No. 9). 



7.6 Lower Grand River System 

Flooding 

Periodic ilooding occurs in the communities of Caledonia 
and Dunnville. Proposed flood protection measures for 
both areas are described in the iinal plans (Chapter 9). 

Water Supply and Water Quality 

Caledonia - The water system ior Caledonia consists 
oifive bedrock wells with a combined rated capacity o i  
11,637 m3/d (2.56 mgd). This supply will be sufficient to 
meet the average daily demand, projected for the year 
2031. The water irom the Caledonia municipal wells i s  
very hard and exceeds drinking water criteria ior iron, 
sulphates and total dissolved solids. Two areas recom- 
mended ior test drillingfor additional municipal supplies 
have been identified. 

Caledonia is served by a 2,3W m3/d (0.506 mgd) conven- 
tional activated sludge sewage treatment plant which will 
service approximately 5,000 people. The plant is almost at 
capacity and will soon require an expansion. No signiii- 
cant water quality problems are experienced below 
Caledonia. It i s  expected that the conventional waste 
treatment will be suiiicient ior future expansions. 

Cayuga - The community of Cayuga uses the Grand 
river as its source of water supply. Future water supply 
shortages are not anticipated. 

The community is  served by a 900 m3/d (0.198 mgd) ex- 
tended aeration sewage treatment plant which will service 
approximately 2,000 people. This facility should be ade- 
quate until the year 2006, when an expansion will be 
necessary. The present level of waste treatment will be 
sufficient for expansions to serve the projected popula- 
tion, since no signiiicant water quality problems are ex- 
perienced below Cayuga. 

Dunnville - The town extracts its water supply from 
Lake Erie through an offshore intake located to the west 
of the mouth oithe Grand river. The quantity and quali- 
ty o i  supply present Dunnville with no problems now 
or in the future. 

Dunnville is served by a 7,700 m7/d (1.69 mgd) conven- 
tional activated sludge sewage treatment plant. This facili- 
ty will be adequate to meet the projected sewage demands 
to the year 2031. At present, no significant water quality 
problems are experienced below Dunnville. 

St. Ceorge - The municipal water system of St. George 
consists of one flowing overburden well, rated at 8,182 
m'ld (1.80 rngd). This supply will likely exceed theaverage 
daily demand projected for the year 2031. There appears 

to be a good potential for additional municipal supply 
development in overburden in the St. George area. A 
recommended test-drilling area has been identified. 

A recently constructed extended aeration sewage treat- 
ment plant with a capacity of 1,100 m3/d(0.24mgd)will 
serve a population of about 2,500 people to about the 
year 201 5. Provision has been made for effluent storage 
if it is required. Streamflows are very low in Fairchild 
creek, the receiving watercourse, and as a result effluent 
storage and seasonal discharge may be required. 

7.7 Speed and Eramosa Rivers System 

Flooding 

Minor flooding during spring breakup occurs in 
Rockwood and Eden Mills as a result of ice jamming and 
at the junction of the Grand and Speed rivers under flows 
exceeding those of the 50-year flood. No remedial 
measures are proposed but early flood warnings are 
stressed. 

Water Supply and Water Quality 

Rockwood - The municipal water supply system for 
Rockwood consists of two bedrock wells with a combin- 
ed rated capacity of 3,927 mYd (0.86 mgd). Bedrock 
ground water in this area is hard but generally of good 
chemical quality. The present supply will be sufficient 
to meet expected demand in 2031. Additional supplies 
with expected well capacities in excess of 1,309 m'ld 
(0.288 mgd) may be developed from the bedrock. 

Sewage from the community of Rockwood i s  directed 
to the Guelph sewage treatment plant for treatment. As 
a result, water quality in the Erarnosa river is not 
significantly affected by wastewater discharges irom this 
community. This system can service up to 1,770 residents 
and should suffice to about the year 2001 if a medium 
population growth were realized. 

7.8 Municipal Sewage Treatment Costs 
For Local Areas 

The costs, treatment descriptions and staging of treatment 
for various local areas within the basin are summarized 
in Table 7.2. Future costs were discounted to give their 
present value to the base year 1980 (Appendix C). Costs 
were based on a 6 percent discount rate and the medium 
population growth rate. The only advanced treatment 
considered was nitrification and filtration. At some point 
in the future, as noted in Table 7.2, Elmira will require 
the examination of more advanced treatment alternatives 
in order to satisfy the receiving stream water quality 
criteria. 



Table 7.2 Municipal Sewage Treatment Costs for Local Areas 
(Present Values of Costs in Millions of 1979 Dollars at 6% Discount) 

Additional Treatment 
Required Current Treatment Costs 

Total Capital 

0.93 
0.63 
0.93 

0.48 

Expansion 
Date 

Date 
Required 

1986 
1991 
1996 

2006 

Comments 
I River Basin Municipality Tvoe 

Upper Grand 
River 

Dundalk 
Grand Valley 

Fergus 

Elora 

Lagoon 
Extended Aeration 

CAS-P 

Pre-Aeration 
Nitrification 
Nitrification 
Dual Media 

Filtration 
Nitrification 
Dual Media 

Filtration 

Additional treatment 
required after 201 1. 

Extended Aeration 

Conestogo 
River 

Arthur 

Drayton 
St. lacobs 

Lagoon - (Additional treatment 
required between 

1985-2001) Septic Tanks 
Extended Aeration 

Lagoon 
Nitrification 

-~ 

Additional treatment 
or diversion required 

bv 2006. 

Canagagigue I Crwk 
Elmira 

Wellesley 

New Hamburg 

Baden 
AY r 

Plattsville 

CAS-P Nitrification 
Dual Media 

Filtration 

Storage, 
lntermittant 

Sand Filtration 

Nith River t- Extended Aeration 

Lower Grand 
River 

Pre-Aeration, Lagoon 
lntermittant Sand 

Filtration 
Extended Aeration 
Extended Aeration 
Aerated Laeoon 

Existing facilities 
will provide capacity 

to the year 2021. 

Caledonia 
Cayuga 

Dunnville 
St. George 

CAS-P 
Extended Aeration 

CAS-P 
Extended Aeration 

* All costs and staging of projects are based on a medium population projection (Ref. Tech. Report No. 12). 



8. FORMATION AND 
SCREENING OF WATER 
MANAGEMENT 
ALTERNATIVES 

8.1 Water Management Plans 

Initially, the formation o i  various water management 
alternatives began by identifying a range of proposed 
structural and non-structural water resource projects 
which could contribute to achieving the basin study's 
objectives to: reduce flood damages; ensure adequate 
water supplies; and maintain adequate water quality. 

These projects were combined to form alternative plans 
which were evaluated using simulation models to deter- 
mine effects such as flood damage reduction and dissolv- 
ed oxygen improvement. The plans were also evaluated 
economically by two models - a linear programming 
model and an inter-active decision-making model (Ref. 
Tech. Report No. 22). The latter was a cost-benefit model 
where the user stated the various plan descriptions and 
water quality constraints and the model produced costs, 
benefits and staging of projects. With the aid of these 
models, twenty-six alternative water management plans 
were produced and evaluated (Appendix B). 

The plans incorporated various methods of reducing 
ilood damages rangingfrom dyking, channelization, and 
flood control reservoirs to floodplain acquisition and 
iloodplain zoning. Several methods were considered for 
meeting iuture water needs including development of 
new ground water sources, ground water recharge 
schemes, pipelines from river and lake sources, and 
reduction in water use through the application of water 
conservation methods. Projects investigated to improve 
water quality included advanced sewage treatment and 
ilow augmentation 

Two o i  the plans considered what the consequences to 
urban growth would be if there were no additions to ma- 
jor sewage treatment plants or water supply facilities (Ap- 
pendix 6, plans 7A and 78). With no flood damage 
reduction measures being recommended in these plans, 
they represent the study's "do nothing plans". 

The iirst "do nothing" plan examined the implications 
of not constructing new sewage treatment iacilities, and 
o i  not allowing the provincial water quality objectives 
to degrade further (plan 7A). Although this plan is the 
cheapest ofall plans investigated, growth would be cur- 
tailed immediately at Kitchener, Waterloo and Guelph 
because of existing violations of the provincial water 
quality objectives. For a medium population projection, 
growth would be limited in Cambridge by the year 2021 
and in Brantford by the year 2031, when the existing 
sewage treatment plant capacities would be exceeded. 

The second "do nothing" plan examined the implica- 
tions of not constructing new sewage treatment facilities 
and of not utilizing new water supplies (Plan 7B). Water 
quality in this plan would deteriorate. Because of water 
supply shortages, urban growth for a medium popula- 
tion projection would be limited in Kitchener and 
Waterloo by the year 1991, in Cambridge by the year 
2021 and Brantford and Guelph by the year2031. These 
dates could be prolonged approximately five to ten years 
through the use of water conservation methods. 

8.2 Screening of Water Management Plans 

In order to reduce the twenty-six plans to a manageable 
number for detailed analyses, a preliminary screening of 
the water management plans was carried out. This 
screening process consisted of a series of evaluations 
which eliminated less optimal plans from further con- 
sideration. The preliminary screening was carried out by: 
(1) comparing how satisfactorily each plan fulfilled the 
objectives; (2) comparing plan costs; and (3) comparing 
environmental and social impacts. The evaluation was 
done by giving a grading of very good, good, fair and 
poor to each plan in relation to objectives, costs, and 
impacts (Appendix 6). 

Each plan's effectiveness in achieving the basin study ob- 
jectives was determined by using the following measures 
of benefits. The reduction in average annual flood 
damages was used to measure each plan's flood control 
benefits and the principle o i  consumer surplus was 
used to estimate the economic benefits o i  water supply 
expansions (Appendix C ) .  A water quality index based 
on dissolved oxygen levels developed specifically for the 
basin study, was used to assess water quality benefits in 
the preliminary screening (Sec. 10.2; and Appendix E). 
The environmental and social impacts for each plan were 
graded using the results of a specially designed question- 
naire completed by technical members ofthe study and 
analysed using a multi-criteria method (Appendix B). 

8.3 Plan Selection 

After the twenty-six alternative plans were evaluated by 
the screening process, the plans were reduced by the 
following three-stage process: 

selection of plans from a Plan Evaluation Matrix, us- 
ing a multi-criteria method 
selection of plans by the Basin Technical Study Team 
using a voting analysis technique 
selection of plans by the Grand River Implementa- 
tion Committee after evaluating the results of steps 
1 and 2 and the recommendations from the public 
consultation working groups (Appendix B). 

This process led to the selection of four main plans for 
detailed evaluations. Several options associated with 
three of the wlans were also evaluated. 



A detailed description of the main plans is provided in 
Chapter 9. 

The main features of the four plans and their options are 
summarized below: 

Plan A 
Dykes and channelization, advanced sewage treatment, 
local sources of water supply. 
Option 1 - new ground water supplies for Cambridge 
Option 2 - Cambridge water system connected to the 

Mannheim recharge scheme at Kitchener 
Option 3 - Evenon reservoir added to improve water 

quality on the Speed river 
Option 4 - protection of the Montrose reservoir site 

from development should it become 
necessary to construct the reservoir in the 
future. 

Plan B 
Montrose multi-purpose reservoir, advanced sewage 
treatment, local sources of water supply. 
Option 1 - reservoir only - no dyking or channeliza- 

tion at principal flood centres 
Option 2 - reservoir with dykes and channelization. 

Plan C 
Single-purpose dam for flood control, advanced sewage 
treatment, local sources of water supply. 
Option 1 - St. Jacobs dam 
Option 2 - Montrose small dam 
Option 3 - Montrose large dam. 

Plan D 
Lake Erie water pipeline, advanced sewage treatment, 
dykes and channelization. 



9. DESCRIPTION OF MAIN 
PLANS 

This section provides detailed information on the four 
main water management plans selected for iurther 
evaluation. Only major basin problems and their in- 
terdependent solutions are considered in describing the 
main plans. Chapter 10 outlines the effectiveness o i  each 
plan in meeting basin study objectives. The plan descrip- 
tions focus on ilood damage reduction measures, water 
quality requirements, water supply requirements, dollar 
value o i  costs of the major remedial measures and en- 
vironmental and social impacts. Certain water manage- 
ment practices such as floodplain zoning or non-point 
source controls which are common to all the plans are 
discussed separately rather than repeated under each 
individual plan description. 

Each plan's economic impacts are measured over a fifty 
year planning period (from 1980 to 2031). Since the 
economic impacts o i  a plan do not occur all at once, 
a discounting procedure was used to compare each 
plan's economic impacts on a similar basis (Appendix 
C). Future costs were discounted to give their present 
value for the base year 1980. Discount rates oi0, 6 and 
10 percent were used to see how sensitive the economic 
impacts are to changes in the discount rate. For the in- 
dividual plan components described in the iollowing sec- 
tions, costs are based on a 6 percent discount rate and 
the medium population growth rate. Costs ior other pop- 
ulation projections and discount rates are given in Ap- 
~ e n d i x  6. 

1 Plan A - Dykes and Channelization, 
Advanced Sewage Treatment, 
Local Sources of Water Supply 

Plan A utilizes dykes and channelization for ilood 
damage reduction in the centres o i  New Hamburg, Cam- 
bridge, Paris, Brantiord, Caledonia and Dunnville and 
advanced sewage treatment at Kitchener, Waterloo and 
Guelph ior improving river water quality. Four options 
are considered for this plan. Plans A1 and A2 are water 
supply options. Plan A1 utilizes new ground water sup- 
plies for Cambridge and plan A2 connects Cambridge 
to a supply from the Regional Municipality of Waterloo's 
Mannheim recharge scheme. Plan A3 incorporates the 
components o i  plan A l ,  but also includes the construc- 
tion of the Everton dam and reservoir on the Eramosa 
river to improve downstream water quality on the Speed 
river by augmenting summer ilows. Plan A4 i s  the same 
as plan A1 except that it protects the Montrose reservoir 
site for future possible water management use by acquir- 
ing the land as it becomes available and by various plan- 
ning controls. The components o i  plan A are shown on 
Figure 9.1. 

Flood Damage Reduction 

The dyking and channelization projects proposed ior the 
six major ilood damage centres in plan A would provide 
protection ior a ilood having a return period greater than 
one hundred years and an elevation less than or equal 
to the regional storm iloodline. The costs o i  these pro- 
iects are shown in Table 9.1. 

DYKES: Recently completed dykes at Bridgeport on the Grand river 
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jure 9.1. Water Management Plan A l .  



Table 9.1 Costs for Flood Protection Measures 
Included i n  Plan A 

(Present Value of Costs in Millions of 1979 Dollars at 6% Discount) 

Flood 
Damage 
Centres 

Cambridge (Calt) 

Cambridge (Preston) 

Paris 

Brantiord 

Caledonia 

Dunnville 

New Hamburg 

Total 

Flood Protection 
Measures By 

Plan A 

Dykes & 
Channelization 

Dykes 

Dykes & 
Channelization 

Dykes 

Dykes 

Dykes 

Dykes 

Date 
Req'd 

Cost* 
of Measures 

6) 

* Cost of ilood protection measures primarily capital costs; operating and maintenance (O&M) costs are less than 
1 % of capital costs. 

Water Quality Requirements 

With existing conventional wastewater treatment and 
streamflow management practices, dissolved oxygen 
concentrations in the central Grand river fall during some 
summer months to levels that are not in compliance with 
the provincial water quality objective o f 4  mgiL. The area 
most seriously aiiected extends from Kitchener 
downstream to a point just north of Paris. In addition, 
un-ionized free ammonia concentrations exceed the 0.02 
mg/L objective in the river immediately downstream o i  
the Kitchener sewage treatment plant and are at the ob- 
jective downstream from the sewage treatment plant out- 
fall. Residual chlorine levels within the central Grand 
river currently meet the water quality objective of 
0.002 mg1L. 

Plan A would require the immediate addition of nitrifica- 
tion and filtration facilities at the Kitchener sewage treat- 
ment plant to limit both the oxygen-demanding and toxic 
ammonia characteristics of its eifluent. 

Conventional activated sludge treatment and phosphorus 
removal i s  currently sufficient at Waterloo. However, as 
the population grows, un-ionized ammonia levels in the 
river downstream from the sewage treatment plant will 
increase. To limit the effects of toxic ammonia in the 
discharge, plan A would require the installation of 
nitrification facilities in Waterloo at the time of the next 
hydraulic expansion in the year 2001 

Future treatment options on the Speed river will depend 
to a large extent upon the effectiveness of the recently 
installed nitrification and filtration facilities at Guelph 
[rotating biological contactors (RBCs) plus sand iiltration] 
in removing phosphorus and ammonia from the effluent. 
The use of  rotating biological contactors with eiiluent 
iiltration is new in Ontario; therefore, the effectiveness 
o i  treatment and the impact on river water quality will 
have to be carefully assessed over the next few years. 
Additional treatment to further reduce ammonia levels 
and steps to reduce phosphorus loadings that will in turn 
result in reduced aquatic growth may be required in the 
future. Two alternatives for additional removal at Cuelph 
were investigated by the basin study. The first alternative 
consisted of chemical treatment of the RBC effluent and 
modifications to the existing dual-media filter. The se- 
cond, more costly alternative consisted of chemical treat- 
ment o i  the RBC effluent plus the installation of a deep 
bed multi-media filter before the existing filter. Detailed 
pilot studies are required to determine the most cost- 
eiiective alternative. In order to achieve a conservative 
cost estimate, the second alternative was incorporated 
into plan A as the means to remove additional 
phosphorus at Cuelph. 

The levels of chlorine in the effluent at the Cuelph 
sewage treatment plant currently meet the provincial 
water quality objective of 0.002 mglL, but as the city 
grows and effluent loadings increase, chlorine will exceed 
the objective during the winter months by the year 2001. 



GUELPH SEWAGETREATMENT PLANT: Recently installed rotating biological contactors and dual-media filters are in background 

Dechlorination facilities may also be required at Guelph 
at the time of the next hydraulic expansion. 

Although no advanced treatment facilities are required 
at the Cambridge (Galt, Preston, Hespeler), Paris and 
Brantford sewage treatment plants to improve water 
quality, expansions at most of these plants are necessary 
in the future as populations grow to maintain existing ef- 
fluent standards. The Galt, Preston, i-lespeler and Paris 
sewage treatment plants have relatively small discharges 
which do not have significant impacts on downstream 
dissolved oxygen levels or create toxic ammonia pro- 
blems. At Cambridge, conventional treatment expansions 
of the existing facilities should be adequate to meet future 
population demands. At Paris, the existingextended aera- 
tion plant is currently being expanded and no additional 
treatment will be required in the future. 

The Brantford sewage treatment plant discharges its 
treated waste to an area of the river with a high 
assimilative capacity and streamflow and low levels of 
aquatic plant and algae growth. The city's conventional 
activated sludge treatment should be sufficient 
throughout the 50-year planning period. However, 
treated wastes from the Brantford sewage treatment plant 
mix very quickly across the entire river and a mixing zone 

cannot be established. The provincial water quality ob- 
jective for ammonia i s  today achieved within a few hun- 
dred metres downstream of the outfall but as the city 
grows and treated wastewater loadings increase, toxic 
ammonia levels will exceed the objective for distances 
up to 2.5 km below the outfall. Chlorine i s  diffused to 
concentrations below the provincial objective and does 
not appear to present a problem now or in the future. 

Field investigation will be required to determine if 
ammonia creates a barrier to the free upstream- 
downstream movement of fish and other aquatic life. 
Such investigations should also determine if a mixing 
zone with an adequate zone of passage can be created 
by realignment of the sewage treatment plant outfall 
structure or if nitrification facilities are required at the 
sewage treatment plant. 

The costs and staging of advanced sewage treatment as 
proposed in plan A are shown in Table 9.2. The costs 
have been divided into current treatment costs and ad- 
ditional treatment costs. Current treatment costs reflect 
the cost of maintaining the existing effluent standards, 
while additional treatment costs reflect the cost of im- 
proving the existing water quality. 



Table 9.2 Municipal Sewage Treatment Requirements for Plan A 
(Present Value of Costs i n  Millions of 1979 Dollars at 6% Discount) 

-- 

Additional Treatment Requ~red Total Costs Current Treatment 

Total 
O&M 
Costs 

($) 

3&M 
($1 

11.33 

21.60 

!1.51 

2.84 
8.98 
4.33 

2.16 
13.82 

36.57 

Costs 

Total 
($1 

15.82 

35.12 

38.01 

3.17 
10.57 
4.42 

2.16 
14.25 

123.52 

Date 

- 
:apita 
Costs 

(5)  

Date 
k q ' d  Capital 

($1 
Municipality 

Waterloo 

Kitchener 

Guelph 

Hespeler 

Galt 
Preston 
Paris 

Brantiord 

TOTAL 

TY pe 

- 
CAS-P 

CAS-P 

RBC 
iltration 

ligh Rat1 
CAS-P 
CAS-P 
CAS-P 

xtendec 
4eration 
CAS-P 
- 

Nitrification 
Filtration 

Nitrification 
Filtration 

Chemical* 
lreatment & 
Multi-Media 

Filtration 

* The addition of chemical treatment and multi-media filtration is conditional on the evaluation of new treatment 

facilities recently added at the Guelph sewage treatment olant. 

Environmental Impacts Water Supply Requirements 

Water supply schemes for the major urhan areas under 
plans A1 and A2 are described in Table 9.3. The most 
pressing water supply problem occurs in the Kitchener- 
Waterloo area where iuture water shortages will be ex- 
perienced unless the existing ground water supply is sup- 
plemented. New supplies would be obtained through the 
use of infiltration wells located adjacent to the Grand 
river and the recharging of the Mannheim aquifer with 
water from the Grand river. In the Mannheim ground 
water recharge scheme, the ground water aquifer serves 
as an economical, underground reservoir. 

The supply for the City of Camhridge would he 
augmented by either utilizing new ground water supplies 
in the Townships of Puslinch and South Dumfries (plan 
A1 j, or by expanding the Mannheim recharge project to 
include Camhridge (plan ~ 2 ) .  

Guelph's future water needs would be met by obtain- 
ing new ground water supplies in the year 201 1 and by 
expanding the existing Arkell ground water recharge 
scheme in the year 2021. At present, ground water at 
Arkell is recharged with water from the Eramosa river. 
Brantford would continue to depend upon the Grand 
river as a future source of water supply. 

Plans A1 and A2 have a variety oieffects on the terrestrial 
and aquatic environments in the basin. 

With dyking and concrete flood wall constructiun in 
various flood damage centres, the character of the river 
banks and the original aquatic communities in the river 
channel would be altered, at least temporarily, affecting 
the present and intended uses of the area. In some areas, 
river bank vegetation may have to be removed during 
construction. If dyking projects are restored as a park- 
landiwalkway system, the area can be aesthetically at- 
tractive and used as open space. 

The municipal sewage treatment requirements of plan 
A would cause negligible impacts on the terrestrial en- 
vironment since the only land affected would be that ac- 
quired for plant expansion. The impact of advanced treat- 
ment on the aquatic environment, particularly in the mid- 
dle Grand river would be beneficial, increasing dissolved 
oxygen levels and creating a better habitat ior warm 
water aquatic life - most notably sport fish such as 
smallmouth bass. 

The development of new ground water resources ior the 
urban centres may result in a lowering oithe water table 
in the surrounding areas and may affect the ecological 



Table 9.3 Water Supply Requirements and Costs for Plan A* 
(Present Value of Costs in Millions of 1979 Dollars at 6% Discount) 

Municipality 

Kitchener- 
Waterloo 

Cambridge 

Guelph 

Brantford 

Total 

Kitchener- 
Waterloo 

Cambridge 

Guelph 

Brantford 

Total 

Current 
Source of 

Water Supply 

;round Water and 
lnduced lnfiltra- 

tion 

Ground Water 

;round Water and 
Arkell 

Recharge 

River Water 

;round Water and 
lnduced infiltra- 

tion 

Ground Wate~ 

;round Water and 
Arkell Recharge 

River Water 

Approx. * *  
Date When 
Additional 
Capacity 
is Req'd 

* Water supply costs are the same for Plans B and C 

Source of 
New Supply 

Expansion of 
lnduced lnfiltra- 

tion 

Mannheim 

Ground Water 
Connect to K-W 

lew Ground Wate 

Expanded Arkell 
Recharge 

Expansion of 
River Supply 

Expansion of 
lnduced lnfiltra- 

tion 

Mannheim 

Connect to K-W 

e w  Ground Wate~ 

Expanded Arkell 
Recharge 

Expansion of 
River Supply 

* *  Additional capacity may be required at some point within 5-year interval prior to date listed. 
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balance. These eitects should be carefully monitored if 
those source areas which are designated as environmentally 

sensitive areas are developed for future water supply. The 
induced infiltration sites and artificial recharge pits which 
are under investigation are located in uncultivated 
floodplain lands and gravel pit areas. The amount of 
water which can be extracted from the Grand river will 
be regulated so that adequate water quality conditions 
are maintained. 

Social Impacts 

Besides improving water quality in the Grand and Speed 
rivers and creating new opportunities for water-based 
recreational pursuits, advanced treatment in sewage 
treatment plants would have minimal social impacts. 

For dyking and channelization projects, temporary con- 
struction inconveniences such as noice, dust and traf- 
fic could occur. Existing water and land uses could also 
be disrupted or destroyed. Consequently, the location 
of archaeological artifacts should be monitored during 
dyke construction. As well, dykes may have a negative 

visual impact especially when they are constructed to 
a height which obstructs the view of the river from near- 
by properties. As dyking projects are not land extensive, 
and in many cases riverbank land i s  owned by a public 
agency, land acquisition for dykes is minimal. Because 
of their visibility, dykes may falsely convey a sense of 
security to those protected since there is  always a poten- 
tial risk of overtopping. 

Total Costs of Plans A1 and A2 - Dykes and 
Channelization, Advanced Sewage Treatment, 
Local Sources of Water Supply 

The capital and operation-maintenance costs for plans 
A1 and A2 are summarized in Table 9.3A. Costs 

are in millions of 1979 dollars and are discounted at 6%. 
Total costs are given with and without the cost of existing 
sewage treatment plant expansions. The latter cost in- 
cludes the cost of expanding treatment capacity to main- 
tain the existing effluent standards and must be incur- 
red irrespective o i  the selection of a water management 
plan. The exclusion of these costs from the total costs 
better reflects the additional costs necessary to improve 
water quality. 

Table 9.3A Total Costs of Plans A1 and A2 

STP Expansion at 
Current Treatment 

Level 

A1 93.99 

A2 93.99 

Tolal With- 
out STP 

Expansion 

67.65 

66.25 

Additional 
Treatment 

($4 

29.53 

29.53 

Water 

supply 
( $ 1  

14.17 

12.77 

Flood Protec- 
tion Measures 

Dyking and 
Channelization ($) 

23.95 

23.95 



MANNHEIM GROUNDWATER RECHARGE SITE 



Recharge site Kitchener 

View of Mannheim recharge site looking north 

Proposed pipeline route for pumping surface water from the Grand River to the Mannheim recharge site 

9.9 



Plan A3 - Everton Reservoir 

Plan A3 is the same as plans A1 and A2 except that it 
provides for the construction of the Everton dam and 
reservoir on the Eramosa river upstream from Cuelph to 
provide flow augmentation during the summer low flow 
period thereby improving water quality in the Speed 
river. 

The cost of lhe Everton reservoir is $17 million and the 
reservoir would be required immediately. This option 

could also be included in plan, 8, C or D. 

Environmental Impacts 

The reservoir and acquisition area would afiect 1,275 ha 
(3,150 acres) of land, o i  which approximately 646 ha 
(1,600 acres) i s  presently used as cropland (Table 9.4). 

Lowland mixed cedar forest makes up 84 percent 
(409 ha1 of the area to be flooded. It provides excellent 
habitat for wildlife as it forms part of a lengthy wooded 
corridor along the Eramosa river. It is classified as an En- 
vironmentally Sensitive Area by the Ministry of Natural 
Resources. Loss of this habitat due to flooding would 
result in decreased diversity of flora and fauna, and 
would create a barrier to northlsouth plant and animal 
movement. 

The upper Eran~osa river valley is predominantly a natural 
discharge wetland. Extremely high quality water provides 
habitat for a well-balanced aquatic ecosystem including 

brook (speckled) trout. Reservoir flooding would increase 
temperatures at the site, and result in degraded quality 
due to plant decay in the new reservoir. Between one- 
third and one-half of existing trout habitat would be 
destroyed. Largemouth bass or rainbow trout could be 
stocked in the reservoir. However, bass may not survive 
the over-wintering period, and rainbow trout would com- 
pete with brook trout upstream of the reservoir for 
spawning territory. From the examination of the other 
reservoirs in the basin, it is possible that water in the river 
downstream of the Everton reservoir could contain 
elevated levels of ammonia nitrogen and water 
temperatures would be warmer when compared to pre- 
reservoir conditions. These phenomena would exist for 
a few kilometres downstream from the reservoir site but 
would not impact on the lower river. 

Social Impacts 

There are twenty-seven homes and two cottages in the 
acquisition area. Transportation efiects would be mlnor, 
requiring one road re-routing and improvement of a 
bridge on Highway 25. 

Total Costs of Plan A3 - Everton Reservoir 

The costs for plan A3 are the same as plan A1 except 
that the discounted capital costs are increased by $16 
million because of the Everion reservoir. Costs in millions 
of 1979 dollars are summarized in Table 9.4A. The costs 
are discounted at 6 percent. 

Table 9.4 Lands Affected by the Everton Reservoir 
(Figures in parentheses refer to hectares presently used as cropland) 

Agricultural 
Capability 

Class 1 to 3 

Other 

Total Area Affected 

Table 9.4A Total Costs of Plan A3 - Everton Reservoir 

Flooded Area 
(ha) 

80.9 

404.7 

485.6 (53) 

Plan 

A3 

Acquisition Area 
(ha) 

870.1 

404.7 

1,274.8 (6471 

STP Expansion at 
Current Treatment 

Level 
($1 

93.99 

Flood Protection 
Measures 

Total 

($) 

177.64 

($1 
Everton 

Reservoir 

16.00 

Total With- 
out STP 

Expansion 
($) 

83.65 

Additional 
Treatment 

($) 

29.53 

Dyking & 
Channel- 
ization ($) 

23.95 

Water 

SUPP~Y 
6) 

14.17 



Plan A4 - Preservation of Montrose R e S e ~ o i r  
Lands 

Plan A4 is the same as plans A l  and A2 but adds the op- 
I 7n of using the Montrose reservoir site in the iuture ~f 
water quality or water supply problems require the con- 
struction o i  the dam. 

The preservation of the Montrose reservoir lands for 
possible future water management needs could be ac- 
complished by any one of the following land use 
controls: 

a) purchase of land from willing sellers 
b) Ministry of Municipal Affairs and Housing zoning 

order preserving the land for agricultural uses only 
c) local municipal zoning regulations preserving the 

land for agricultural uses only 
d) expropriation o i  lands 
e) combination o i  the above methods. 

Methods b) or c) would not involve any increase in plan 
costs over plan A l .  However, plan costs would increase 
over plan A l  by varying degrees if one of methods a), 
dl, or e) was adopted. In order to obtain a plan cost 
estimate of plan A4, the basin study selected method a), 
the purchase of land from willing sellers, as the method 
to preserve the site for future use. At present, the Grand 
River Conservation Authority owns about one-third of 
the 1,214 hectares (3,000 acres) required to protect the 
site. The value o i  this land is estimated at $3.4 million. 
It was assumed that the remaining two-thirds of the pro- 
perty would be obtained by the year 2001. Subsequent- 
ly, the land would either be sold, used ior construction 
of a dam and reservoir or preserved ior other uses. 

For estimating purposesonly, it was assumed that if the 

dam was not built in the year 2001, the land would be 
sold, resulting in a net cost of $4 million at a 6 percent 
discount rate. If the dam was built in the year 2001, the 
plan costs would be increased an additional $1 1 million 
at a 6 percent discount rate over the land selling option. 

Environmental Impacts 

For plan A4, a minimum acquisition area of 1.212 ha 
(3,000 acres) would be acquired. Approximately 65 per- 
cent of this area i s  presently being used for agriculture. 
Since it was assumed that no dam would be constructed, 
agricultural land use could be maintained and en- 
vironmental impacts would be similar to those describ- 
ed for plan 82. 

Social Impacts 

The main social impact of plan A4 is that it does not 
remove the element of uncertainty for Montrose area 
property owners as to the future land use o i  their par- 
ticular property. If zoning i s  implemented with land ac- 
quisition, property owners within the zoned area may 
iind that thevalue oitheir land would increase less rapid- 
ly because of restricted development prospects. Without 
the implementation of specific zoning, the acquisition 
of land tends to raise land prices at the reservoir site. 

With the land acquired andlor zoned for protecting the 
dam site, some decrease in agricultural production may 
be observed as a result of poor management practices 
by a few owners and tenants. This impact can be avoid- 
ed where land i s  acquired by the Grand River Conser- 
vation Authority, since the Authority would require the 
tenant to use proper agricultural land management prac- 
tices. The social impacts for a reservoir constructed in 
the future are the same as ior plan B2 (Sec. 9.2.). 



Total Costs of Plan A4 - Prese~ation of Montrose million for option (i), purchase and disposal ofthe reser- 
Reservoir Site voir lands, and $15 million for option (ii), construction 

ofthe reservoir. Costs in millions of 1979 dollars are sum- 
The costs for olan A4 are the same as dan A1 except marized in Table 9-46. The costs are discounted at 
that the disco'unted capital costs are increased by $4 6 percent. 

Table 9.4B Total Costs of Plan A4 

Plan 

A4 
Option (il 

A4 
Option (iij 

j ~ p  Expansion 
at Current 
Treatment 

Level 
($1 

93.99 

Additional 
Treatment 

($1 

Reser- 
voirs 

Water 

14.17 

14.17 15.31 
Construc- 

tion of 
reservoir 
in 2001 

Flood Protec- 
:ion Measures 

Dyking & 
Channeliza- 

tion 
($) 

Total 
(B) 

Total With- 
out STP 

Expansion 
(8) 



9.2 Plan B - Montrose Reservoir, 
Advanced Sewage Treatment, 
Local Sources of Water Supply 

Plans B1 and B2 include the multi-purpose Montrose 
dam, having a total storage volumeof about 77.7 million 
cubic metres (63,000 acre-ft) and, at some point in the 
future, advanced sewage treatment at Kitchener, 
Waterloo and Guelph. The future water supply com- 
ponents are the same as those incorporated in plan A l .  
Plan 82, with, flood storage provided by the Montrose 
reservoir with dyking and channelization at the six ma- 
jor flood centres, provides additional ilood damage 
reduction over plan A (Fig. 9.2). 

Flood Damage Reduction 

Plan B1 provides protection against a flood having a 
return period of 10 years at Cambridge and Brantford. 
Plan 82 provides protection for a flood having a return 
period greater than one hundred years. The difference 
in cost between the two plans i s  approximately $21 
million (Table 9.5). 

Water Quality Requirements 

Table 9.5 Costs for Flood Protection Measures 
Included in Plan B 

(Present Value of Costs in Millions o i  1979 Dollars at 6% Discount) 

Total 

Plan B utilizes flow augmentation from the Montrose 
reservoir and advanced sewage treatment in Kitchener 
in the year 2001 and in Waterloo in the year 2021 to 
improve dissolved oxygen levels. It also minimizes the 
toxic effects of un-ionized ammonia in the central Grand 
river. Because the low flow augmentation benefits of the 
Montrose reservoir do not have any effects on the Speed 
river basin, possible future waste treatment requirements 
for Guelph are the same as those outlined for plan A. 
The costsand staging of both current and additional treat- 
ment as proposed in plan B are shown in Table 9.6. 

Water Supply Requirements 

As the water supply components of plan B are the same 
as indicated for plan A l ,  staging, new sources of sup- 
ply, and costs are the same as in plan A l .  

Flood 
Damage 
Centre 

Cambridge (Galti 
Cambridge (Preston) 
Paris 
Eranlford 
Caledonia 
Dunnville 

New Hamburg 

Cambridge (Galt) 
Cambridge (Preston) 
Paris 
Brantford 
Caledonia 
Dunnville 

New Hamburg 

Total 

Flood Protection 
Measures By 

Plan B 

Montrose Dam 

Dvkes 

Montrose Dam 
and Dykes 

and 
Channelization 

as in 
Plan A 

Dykes 

cost* o i  
Req'd Measures 

* Costs for Montrose dam are primarily capital costs; O&M costs are less than 1% of capital costs 

* *  Total cost of construction oithe Montrose reservoir. Approximately one third of the cost can be allocated towards 
flood control and two thirds of the cost can be allocated towards flow augmentation for water quality improvement. 



[.I Infiltration Wells- 
Infiltration of surface water into aquifer 

Recharge of aquifer from surface wate~ 

Direct river withdrawal 



Table 9.6 Municipal Sewage Treatment Requirements for Plan B 
(Present Value of Costs in Millions of 1979 Dollars at 6% Discount) 

Current Treatment Additional Treatment Required 

Waterloo C A W  I 
Kitchener CAS-P 

Guelph RBC 
Filtration 

CAS-P 
CAS-P 

Preston CAS-P 
Paris Extended 

Aeration 

TOTAL 

Expansion 

Date 
apital 
losts 
($1 

Total x 
10.38 Nitrification 

Filtration 
18.61 Nitrification 

Filtration 
16.88 Chemical* 

Treatment 8 
Multi-Media 

Filtration 

I Costs 
Date 
Zeq'd Capital 

6) 

Total Costs 

Capital 
($1 

The addition of chemical treatment and multi-media filtration i s  conditional on the effectiveness of new treatment 
facilities recently added at the Guelph sewage treatment plant. 

0 & M  
($1 

10.56 

19.50 

21.48 

2.84 
8.98 
4.33 

2.16 
13.82 

53.67 

Environmental Impacts 

Total 
($) 

13.75 

24.51 

37.94 

3.17 
10.57 
4.42 

2.16 
14.25 

110.77 

Environmental impacts of waste treatment, water supp- 
ly facilities and dykes and channelization for plan B re- 
main unchanged from plan A. 

The key environmental impacts of the Montrose reser- 
voir are as follows: 

- the Montrose reservoir would require 1,214 ha (3,000 
acres) to 1,820 ha (4,500 acres) of land depending 
upon the acquisition plan. Table 9.7 describes the 
amount of agricultural land that would be removed 
from production by the reservoir 

- downstream of the reservoir approximately 324 ha 
(800 acres) of agricultural land would be flooded less 
frequently 

- areas of Class 1 and 2 land for the production of red 

pine and hard maples at the site would be lost 
- based on upstream water quality conditions and 

observation of other major reservoirs in the basin, 
some degradation of water quality conditions in the 
reservoir site could be expected to occur such as 
depressed dissolved oxygen concentrations in the bot- 
tom waters of the reservoir and algal blooms in the 
fall. However, flow augmentation from the reservoir 
would improve the water quality conditions in the 
central Grand river (Chapter 10) 

- there are some uncommon associations of vegetation, 
unusual floral species, rare bird species and one mam- 
ma1 species in the area which would be lost because 
of inundation and a change in habitat. The complex- 
ity of the ecosystem will also be decreased as habitat 
diversity i s  reduced. No serious impacts on the ex- 
isting flora and fauna would occur in the Elora gorge 
which extends 3.4 km (2 miles) south of Elora. 



EAST SIDE: Middle portion of the reservoir 

WEST SIDE: Upstream of dam site 

MONTROSE RESERVOIR SITE 



Table 9.7 Lands Affected By the Montrose Reservoir (Multi-Purpose) 

Social Impacts 

Agricultural 
Capability 

Class 1 
Class 2 
Class 3 
Other 

Total Area Afiected 

Total Area Presently 
Used For Agriculture 

Social impacts of waste treatment and water supply re- 
quirements are the same as plan A. 

The key social impacts of the Montrose reservoir are as 
follows: 

Flooded 
Area 
(ha) 

168 
89 

136 
253 

646 

272 

- about 40 percent of the flooded area and 70 percent 
of the maximum acquisition area are actively iarmed 
and would be aiiected directly or indirectly. Approx- 
imately twenty-four farms would be partially flood- 
ed, five farms would be totally inundated and seven 
farms would be seriously severed 

- the Montrose reservoir levels would increase normal 
river levels in the lower downstream portion o i  the 
Elora gorge. The length of the gorge affected would 
vary from one-half to one-quarter, depending on the 
time o i  year. Since reservoir levels would affect only 
the lower downstream portion o i  the gorge, the views 
from the main sight-seeing vantage points would be 
unaffected. Most hiking trails would be unaffected 

Minimum 
Acquisition 

Area 
(ha) 

41 2 
225 
266 
311 

1214 

777 

- presently, the recreational activities of the valley in 
the vicinity of West Montrose are unorganized pur- 
suits. This pattern would be replaced by more inten- 
sive recreational uses similar to those oithe existing res- 
ervoirs in the basin. The visual aesthetics would also be 
changed irom a view oigently rolling landscapes ad- 

Maximum 
Acquisition 

Area 
(ha) 

801 
382 
291 
346 

1820 

1275 

STP Expansion at 
Current Treatment 

Level 
i$) 

Additional 
Treatment 

'otal Cosl 

Water 

Supply 
($1 

J 

jacent to steep, heavily wooded valley slopes and a 
terraced iloodplain which offers vividness and varie- 
ty to a more uniiorm lake-like setting when the reser- 
voir is iull. In the iall, unsightly mudflats would be 
exposed in the drawdown zone 

the following number of residences would have to 
be relocated or purchased as a result of dam construc- 
tion: 
Flooded Area 17 homes 
Minimum Acquisition Area 51 homes 
Maximum Acquisition Area 69 homes 

a cultural facility, the Estonian Cultural Centre, would 
have to be relocated as well as five historic homes 

two roads with bridges crossing the Grand river would 
be closed while the county road through the hamlet 
of lnverhaugh would require improvements 

- the community ties in the area may be disrupted due 
to a potential influx o i  tourists with associated noise 
and traffic; disruption of transportation patterns; and 
a change in community infrastructure (Rei. Tech. 
Report No. 32). 

Total Costs of Plan B - Monlrose Reservoir 

The capital and operation-maintenance costs for plans 
B1 and B2 are summarized in Table 9.7A. Costs are in 
millions o i  1979 dollars and are discounted at 6 percent. 

of Plans B1 and 82 

Flood Pro- 
Reservoirs tection 

Measures 
Dyking & Total 

Montrose Dam Channel- - ization 

Total With- 
out STP 

Expansion 
($1 



9.3 Plan C - Single-Purpose Reservoir 
for Flood Control, Advanced Sewage 
Treatment, Local Sources of 
Water Supply 

Each one of the plan options C1, C2 and C3 includes 
a single-purpose flood control reservoir designed solely 
to reduce flood damages (Fig. 9.3). Plan C1 uses the St. 
Jacobs reservoir with a storage volume of 6.3 million 
cubic metres (13,250 acre-it), located on the Conestogo 
river to reduce flood damages. Plan C2 considers the ef- 
fect of a small Montrose reservoir having a storage 
volume of 24.7 million cubic metres (20,000 acre-it). Plan 
C3 utilizes a Montrose reservoir with the same total 
storage volume as in plan B (77.7 million cubic metres 
(63,000 acre-it) 1. In each of the C plans, the reservoir 
would be used strictly for reducingflood damages rather 
than using part of the storage for other uses such as low 

flow augmentation as was done in plan 82. The single- 
purpose or dry reservoir option is an alternative to dyk- 
ing and channelization of the major urban areas. 

The sewage treatment and water supply components for 
all three C options are the sameas for plan A l .  The plan 
C options differ from plan A1 only in their manner of 
reducing flood damages. 

Flood Damage Reduction 

Each plan C reservoir option would be operated in the 
following manner. The reservoir would only be filled dur- 
ing flood periods, and it would be emptied as soon as 
flood flows subside. The remainder ofthetime the reser- 
voir would remain empty or dry. It i s  estimated that the 
reservoir lands would only be flooded, on the average, 
one or two times a year. If the reservoir was flooded dur- 

Table 9.8 Costs for Flood Protection Measures 
Included in Plan C 

(Present Value of Costs in Millions of 1979 Dollars at 6% Discount) 

Cambridge (Calt) 
Cambridge (Preston) 
Paris 
Brantford 
Caledonia 
Dunnville 

Flood 
Damage 
Centres 

New Hamburg 

Total 

Flood Protection 
Measures By 

Plan C 

St. Jacobs Dry 
Reservoir 

16.3 million cubic 
metres 
(1 3,250 

Acre-Feet) 

- Dvkes 

Cambridge (Galt) 
Cambridge (Preston) 
Paris 
Brantford 
Caledonia 
Dunnville 

New Hamburg 

Small Montrose Dry 
Reservoir 

24.7 million cubic 
metres 
(20,000 

Acre-Feet) 

- Dykes 

Total 

Cambridge (Galt) 
Cambridge (Preston) 
Paris 
Brantford 
Caledonia 
Dunnville 

Large Montrose Dry 
Reservoir 

77.7 million cubic 
metres 
(63,000 

Acre-Feet) 

Date 
Rea'd 

New Hamburg 

Total 

Cost of 
Measures 

($1 

- Dykes 



/ 

gure 6.3. Water Management Plan C. 



Table 9.9 Lands Affected by St. Jacobs Single-Purpose Dam and Reservoir 
(Figures in parentheses refer to hectares presently in crops) 

I Agricultural I Flooded Area I Capability (ha) (ha) 

I Class 1 to 3 164 I 330 

Other Lands I 164 318 

I Total Area Affected I 328 (122) I 648 (337) 

ing the spring freshet, the drawdown period may last 
longer than one week. However, if flooding occurred 
during the summer months, the reservoir could be emp- 
tied in three to five days. 

The flood damage reduction and the amount of storage 
provided for a given level of flood damage reduction for 
each option in plan C is shown on Table 9.8. 

Environmental Impacts 

The environmental impacts of the construction of waste 
treatment and water supply facilities of plan C are the 
same as those described for plan A. 

In general, the environmental impact of a dry, single- 
purpose reservoir would not be as great as that of a multi- 
purpose reservoir, since reservoir lands would only be 
flooded periodically for a short time. The potential of the 
land for agriculture and forestry purposes at the reser- 
voir site may be decreased due to the increased flooding 
potential. Terrestrial flora and fauna may be affected tem- 
porarily, mainly during construction and spring flooding. 
Adverse impacts to aquatic flora and fauna would be 
minimal. 

C1 - St. Jacobs site 

Within the 648 ha (1,600 acres) acquisition area of the 
St. Jacobs reservoir, 337 ha (832 acres) are currently be- 
ing used for cropland. If the dam was constructed, lands 
now in production within the acquisition area could con- 

tinue to be used for agriculture including 121.5 ha (300 
acres) in the flooded zone that could be used as pasture 
land (Table 9.9). 

The habitats of three rare flora species are found at the 
St. Jacobs site and may be partially destroyed by increas- 
ed flooding. These species are the white trout lily, harb- 
inger of spring, and twinleaf. 

C2 - Montrose-small si te 

Within the acquisition areas of the Montrose reservoir, 
510 ha (1,260 acres) are presently used for cropland. 
Three hundred and eleven ha (770 acres) could be re- 
tained for agricultural use in the acquisition area, with 
a further 199 ha (490 acres) in the flood zone reserved 
for pasture (Table 9.10). 

The habitats of the twinleaf and white trout lily which 
are found near the dam site may be damaged or lost by 
increased moisture at the site. Elora gorge flora would 
not be affected. Fauna at the site could be temporarily 
disrupted with seasonal flooding of the site. Fish should 
not be affected. However, there is a possibility that some 
may be stranded on land when the reservoir i s  emptied. 

C3 - Montrose-large site 

Environmental effects are similar to those of the 
Montrose-small site except for the land area affected 
which is the same as the reservoir areas listed in Table 
9.7. 

Table 9.10 Lands Affected by the Montrose Single-Purpose Dam and 
Reservoir 

(Figures in parentheses refer to hectares presently in crops) 

I Agricultural I Flooded Area I Minimum Acquisition Area 
Capability (ha) (ha) 

I Class 1 to 3 I 296 I 713 

I Other Lands I 199 I 239 

I Total Area Affected I 495 (199) I 952 (510) 



Social Impacts 

The social impacts of waste treatment and water supply 
requirements for any single-purpose reservoir option are 
the same as those outlined for plan A. 

C I  - St. Jacobs site 

The major social effect of St. Jacobs dam i s  the disrup- 
tion of established communities in the area as a result 
of relocating four homes in the flooded zone and about 
twenty homes in the minimum acquisition area. Sixteen 
farm units in these areas would also be affected to vary- 
ing degrees. Temporary disruption of transportation cor- 
ridors during construction and flooding would cause 
some inconvenience. The strong Mennonite communi- 
ty ties which now exist may be weakened, If a dam is 
built, the bridge which connects the communities to 
either side of the river should be raised. One historical 
home in the flooded area would be removed. 

C2 - Montrose.small si te 

Many of thesocial impacts resultingfrom plan I32 would 
be incurred with plan C2. Although the hamlet of In- 
verhaugh would be outside of the acquisition zone, the 

Plan 

C 1 
St. Jacobs 
Dry Reser- 

voir 
C2 

Small Mon- 
trose Dry 
Reservoir 

C3 
Large Mon- 
trose Dry 
Reservoir 

Estonian Cultural Centre would be entirely within the ac- 
quisition zone. Fifteen homes in the flooded and acquisi- 
tion areas would have to be permanently relocated by 
the small single-purpose reservoir option at Montrose. 
Downstream of the Montrose reservoir, approximately 
324 ha (800 acres) of agricultural land would benefit from 
reduced flood damages. 

Transportation patterns would be affected since two 
roads with bridges crossing the Grand river would be 
closed, while the county road through lnverhaugh would 
require some improvements. 

C3 - Montroselarge site 

Social effects include all those which apply to the 
Montrose-small site, and in addition, sixty-eight homes 
would be affected in the minimum acquisition area. 

Total Costs o f  Plans C1, C2 and C3 
- Single-Purpose Dam Options 

The capital and operation-maintenance costs are sum- 
tnaried in Table 9.10A. Costs are in millions of 1979 
dollars and are discounted at 6 percent. 

Table 9.10A Total Costs of Plans C1, C2 and C3 

Level 

Flood Protection 
Me, 

Dry Dam 

25.0 

28.1 

42.4 

res 
lyking & 
Ihannel- 
ization 

0.80 

0.80 

0.80 

Total 
6 )  

Total With- 
out STP 

Expansion 
($1 



9.4 Plan D - Lake Erie Water Supply 
Pipeline, Advanced Sewage Treatment, 
Dykes and Channelization 

Plan D replaces several of the local ground water and 
river supplies of plans A, B, and C with a Lake Erie source 
of supply. A pipelineirom Lake Erie would supply water 
to Brantford, Cambridge, Kitchener and Waterloo. Ex- 
cept for water supply, all other aspects of the plan are 
similar to plan A. The ieatures of plan D are illustrated 
in Figure 9.4. 

Water Supply Requirements 

In the past, Lake Erie, Lake Ontario, Lake Huron and 
Georgian Bay have been studied as possible sources for 
a water supply pipeline to the Kitchener-Waterloo area. 
Water quality in each o i  these lakes is acceptable for 
municipal water supply purposes and was not a major 
factor in selecting a panicular pipeline scheme. Physical 
conditions o i  the pipeline route, and construction and 
operation costs were the most important factors in mak- 
ing a decision. Lake Erie was the most economical of all 

the choices and was the pipeline route selected by the 
basin study ior further appraisal. The costs oithe pipeline 
and Guelph water supply in plan Dare shown on Table 
9.1 1 

Water Quality Requirements 

The sewage treatment requirements of plan D are the 
same as in plan A. Under plan D, the cost of water will 
be higher than the water supply costs o i  plan A, B or C 
and demand will be reduced accordingly. This reduc- 
tion in consumption may reduce the needed size of the 
sewage treatment plants, postponing the need for new 
expansions by about 5 years or more (Table 9.12). Total 
municipal sewage treatment costs are $5 million less than 
plan A. 

Flood Damage Reduction 

Reductions in flood damage are carr~ed out by the same 
dyking and channelization system as described in plan A. 

A WATER SUPPLY PIPELINE: Construction of the Lake Huron to London water supply pipeline. Excavation and pipe sizes would 
be similar for a Lake Erie to Kitchener-Waterloo pipeline 

9.22 



[ Recharge of aquifw from surface wate 

Lake Erie pipeline 

/ 
Figure 9.4. Water Management Plan D. 



Table 9.11 Water Supply Requirements and Costs for Plan D 
(Present Value of Costs in Millions of 1979 Dollars at 6% Discount) 

Current Source 
of Water 

Municipality 
Additional Source of 
Capacity i s  New Supply 
Required 

Capital + Kitchener Ground Water and 
Waterloo Induced lnfiltra- 

Cambridge I Ground Water 1981 

New Ground 
Water 

Expanded 
Arkell 

Recharge 

Lake Erie 
Water Supply 

Pipeline 

Brantiord I River Water 

Guelph Ground Water 
and Arkell 
Recharge 

Total I 

Table 9.12 Municipal Sewage Treatment Requirements for Plan D 
(Present Value of Costs in Millions of 1979 Dollars at 6% Discount) 

Total Costs Additional Treatment Required Current Treatment 

Expansion Costs 

Total 
O&M 
Costs 
6) - 
9.92 

18.06 

16.88 

2.75 
8.60 
4.17 

2.16 
13.15 - 
75.69 

- - 
-apital 
Costs 

(8) 

- 
1.73 

0.3? 

10.16 

1.10 

- 
13.32 

Date 

- 
2006 

2031 

1996 

2031 
201 1 
2022 

1981 
2031 - 

Capital 
(8) 

- 
1.85 

1 2.44 

6.34 

O&M 
Costs 

($1 

Total 
Costs 

($1 
Municipality 

Waterloo 

Kitchener 

Guelph 

Hespeler 

Galt 
Preston 
Paris 

Brantford 

TOTAL 

Type 

CAS-P 

CAS-P 

RBC 
Filtration 

i i g h  Rate 
CAS-P 
CAS-P 
CAS-P 

Extended 
Aeration 
CAS-P 

Type 

Nitrification 
Filtration 

Nitrification 
Filtration 

Chemical* 
Treatment 8 
Multi-Media 

Filtration 

Date 
Zeq'd 

- 
2001 

1981 

1981 

Capital 
($1 

* The addition of chemical treatment and multi-media filtration is conditional on the effectiveness of new treatment 
facilities recently added at the Guelph sewage treatment plant. 

9.24 



Environmental Impacts 

Environme~:tal impacts of sewage treatment facilities, 
dykes and channelization are the same as in plan A. 

Environmental impacts of the proposed Lake Erie pipeline 
largely occur during construction and include: in- 
terference with waterfowl habitat by draining or filling 
marshy areas; disturbance to aquatic life by crossing 
ctreams, small lakes and swamps; disturbance to plant 
and animal life within the construction corridor; decrease 
in timber production by removing forested areas. With 
careiul planning to avoid sensitive areas and skilled and 
well supervised construction practices, most of the 
detrimental environmental impacts can be avoided or 
effectively mitigated. 

Social lmpacts 

The social impacts of sewage treatment facilities, dykes 
and channelization are the same as in plan A. 

The social impacts associated directly with the pipeline 
construction occur mainly along the pipeline route and 

may include temporary disruption of transportation cor- 
ridors and agricultural production during construction; 
decreased land productivity during rehabilitation, 
vegetative clearing of the right-of-way; and temporary in- 
convenience to residents living adjacent to the pipeline 
right-of-way. Positive social impacts include the lifting of 
possible constraints on water use at peak time and the 
provision o i  an incentive for industries to locate in the 
basin. However, along the pipeline route as a result of 
an abundant piped water supply, indirect changes may 
arise such as increased development with resultant 
changes in population and land uses. 

Total Costs o f  Plan D - Lake Erie Water Supply 
Pipeline, Advanced Sewage Treatment, Dykes and 
Channelization 

The capital and operation-maintenance costs for plan D 
are summarized in Table 9.12A. Costs are in mil- 
lions of 1979 dollars and are discounted at 6 percent. 
This plan has the highest annual operation and 
maintenance costs of the four plans (over $5 million per 
annum). This is largely due to the high cost of pumping 
water from Lake Erie to the Regional Municipality of 
Waterloo. 

Table 9.12A Total Costs of Plan D 

Plan 

STP Expansion at 
Current Treatment 

Level 
(8) 

Additional 
Treatment 

6) 

Water 
Supply 

($1 

Flood Protection 
Measures 
Dyking & 

Channelization 

Total 
(8 )  

Total With- 
out STP 

Expansions 
($1 



9.5 Rese~0 i r  Low Flow Operation 

Grand River 

At present, the existing reservoir system (Chapter 6) pro- 
vides summer river flow augmentation in order to main- 
tain water quality in the central Grand river and to pro- 
vide an adequate source of water supply to Brantford and 
Cayuga. 

Future additional water demands for the Cities of Kit- 
chener and Waterloo can be met through the recharge 
of the Mannheim aquifer by surface water abstracted 
from the Grand river. Adequate surface flow can be en- 
sured by appropriate reservoir operations. 

The existing reservoir system can supply the recharge 
system for existing and future water demands provided 
that the winter operation of Belwood reservoir is 
changed (Sec. 10.5.2). More winter flow regulation i s  re- 
quired than is carried out at present (Ref. Tech. Report 
No. 38). 

Table 9.1 3 examines the reliability of several different low 
flow reservoir operation policies for the main plans. Plans 
A, C and D use the existing reservoir system for flow 

augmentation and plan B uses the existing reservoir 
system plus the Montrose reservoir to augment flows. 

At present, the reservoirs are regulated during the sum- 
mer months, May to October, to keep the river flow from 
falling below 11.3 m31s (400 cis) at Doon and 17 m31s 
(600 cfs) at Brantford. The number of times these targets 
or objectives are met or exceeded is measured by a 
reliability index. Reliability i s  based upon either the 
number of years (occurrences) the targets are achieved 
100 percent of the time or the amount of time the ob- 
jectives or targets are met or exceeded within the 
operating period. Both indexes are given in Tables 9.13 
and 9.14. 

Option 1 for plans A, C and D represents the existing 
summer operation policy. This policy provides the least 
reliable regulated flow and the minimum flow during 
periods when the target i s  not achieved. 

By decreasing the summer target flow at Doon by 1.4 
m31s (50cfs) to9.9 m31s (350cfs) and leavingthe Brantford 
target unchanged, option 2 for plans A, C and D pro- 
vides a more reliable summer regulated flow at Doon 
and Brantford. Option 2 also increases the minimum 
summer daily flow at Doon by up to 1.8 m3/s (62 cfs) 

Table 9.13 Reliabilily of Meeting Minimum Flow Targets at Kitchener (Dwn!  and Brantford 

Brantford Doon4 

11 Because of the 30 hour travel time irom the reservoirs to Doon. the dally i l ow i  can vary a p p r o ~ m n t e l ~  i 0.9 m'ls irom the target. 
The travel time from the reservoin to Brantiord is 48 hour,. The dally iiowr can vary i 1.4 m' l i i romthe tnrxet. 

Operating Policy 
Opli0n6 

1 
Ex8itrng 5umm-r 

Policy 

2 

3 

1 

2 

2) Reliability loccurrencel refers to the percentage ot days target war met in 17 years of flow record lglo>wyl 

Minimum Target Flow' 
Relabrllty forcurrencd' 
Reliability !time13 
Actual Minimum Weekly Flow 
Actual M~nlmum D i l y  Flow 
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Actual Minmum Weekly Flow 
Actual Minimum Daily Flow 

Minimum Target Flow' 
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Rel#ab#lity !time!' 
Actual Mnimum Weekly Flow 
Actual M#n#mum Daily Flow 

Minimum Target Flow' 
Reliability !occurrence): 
Rrl lab~l~ty  !timeli 
Actual Mrnmum Weekly Flow 
Actual Minmum Daily Flow 

Mrnlmum Target Flow' 
Rel#ab#l#ty i occ~r ren re )~  
Relldbillty (time!' 
Actual Minmum Weekly Flow 
Acfud Mlnmum Uaiy  Flow 

Grand River Mintmum Summer 

3) Reliability lt~me! refers to the percentage o i  days target war met within operating perlod for 17 years o i  flow record (gloriaryl 

!May 1 to Oct. 

Dmn 

(m'ii l 

11.3 
58.8% 
94.6% 
7.1 
b.5 iOcl! 

9.9 
82.4% 
989% 
8.5 
8.3 (Oct! 

9 9 
100% 
1 00% 
9.9 
9.9 

12.7 
88.2% 
98 8% 
10.3 
9.9 IOctl 

12.7 
70.6% 
95.7% 
10.2 
9.9 iOct1 

4) During November to December flowr can be measured at Doon and Brantiord, but due to i re  condition, d u m g  January lo  April. flowr 
can not be accurately measured at there sations Therefore, irom January to April. equvalent target iiowr will be set at the outlet of Belwood 
reservoir where winter fiowr can be eqtimated (Ref. Tech. Repon No. 38). 
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17.0 
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17.1 
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during periods when the target was not achieved. This 
option i s  the recommended reservoir regulation plan for 
the existing system. 

By reducing the target at Brantford by 2.8 m31s(100cfs) 
to 14.2 m3/s (500 cfs) and leaving Doon unchanged at 
9.9 m3/s (350cfs), option 3 provides the most reliable flow, 
meeting the target 100 percent of the time. However, 
any reduction in dilution at Brantford may result in some 
deterioration in water quality and increased water treat- 
ment costs. 

The Montrose reservoir of plan B increases the summer 
target flows at Doon by 2.8 m3/s (100cfs) and thewinter 
target flows by 1.4 m31s (50 cfs). Two options are con- 
sidered: option 1, which leaves the summer target at 
Brantford unchanged at 17 mils (600 cis) and option 2, 
in which the summer Brantford target is increased to 
19.6 m31s (700 cfs). However, this increase in the target 
results in less reliable summer regulated flows at Brant- 
ford and Doon. 

Speed River 

The Speed river flows are augmented during the sum- 
mer by the Guelph reservoir in order to improve water 
quality conditions below the City of Guelph. The pre- 
sent reservoir regulation policy (Table 9.14) is to main- 
tain a minimum of 1.1 m31s(40cfs)atGuelph(HanlonEx- 
pressway) from May to October. This can be achieved 
100 percent of the time. A proposed revision to the pre- 
sent regulation policy, (option 2), is to increase the flow 
objective or target at Guelph to 1.7 m31s (60cfs) during 
June to September. This policy can achieve the objec- 
tive with a reliability of 80 percent on an occurrence basis 
and 93 percent on a time basis. The reliability is estimated 
assuming future operation of the mini-hydro generator 
at Guelph dam and abstraction of water from the 
Eramosa river by the City of Guelph for water supply pur- 
poses. 

The addition of the Evenon reservoir in plan A3 would 
increase the target by 1 .l rn31s (40cfs) to2.8 m3/s(100cfs) 
for approximately the same reliability as option 2. 

Table 9.14 Reliability of Meeting Minimum Flow Targets at Cuelph on the Speed River (at Hanlon above Cuelph STP) 

Plan 
Operating Policy 

Options 

All plans 
except 

Plan A3 

Speed River Minimum 

Summer Targets 
lm'ii) 

2 

1 

May lune-Sept. October 

1 
Existing Summer 

Policy 

Minimum Target Flow 
Reliabil~ty lnccurrenrel' 
Reliab~lity (time)' 
Actual Minimum Weekiy Flow 
Actual Minimum Daily Flow 

Minimum Target Flow 
Reliability (occurrencei' 
Reliability (time)' 
Actual Minimum Weekly Flow 
Actual Minimum Daily Flow 

100% 86.7% 
100% 93 "lo 95.5% 

1.5 

Minimum Target Flow 
Reliability (occurrcncei' 

Reliability 
Actual Minimum Weekly Flow 
Actual Minimum Daily Flow 

Speed River Minimum 
Winter Targets 

(m'is) 

li Reliability (occurrence) refers to the percentage of years target was met in 7 years of flow records (giossaryi 

2 )  Reliability (time) refers to the percentage of days target was met within operating period for 17 years of flow records 
(glossary). 

3 )  During November to December, flows can be measured at the Hanlon gauge on the Speed river, but due to ice 
conditions during January to April, flows can not be accurately measured during this time interval. Therefore, 
from Janualy to April, equivalent target flows will be set at the outlet of theGuelph reservoir where winter flows can be 
estimated. 



9.6 General Water Management Practices 
Supporting The Main Plans 

This section describes water management practices 
which would enhance the eiiectiveness of all four main 
plans. These practices are largely non-structural and 
focus on the wise use of land and water resources from 
the water management perspective. In the iollowing sec- 
tions, general water management practices are discussed 
relative to the basin study objectives. 

9.6.1 Practices To Reduce Flood Damage 

Regulation of Floodplain Development 

Potential ilood damages may be minimized by pro- 
hibiting and/or restricting development on flood-prone 
lands. The existing mechanism ior controlling floodplain 
development falls into two categories: provincial regula- 
tions administered by the Grand River Conservation 
Authority (GRCA); and official plans and zoning by-laws 
enacted and implemented by municipalities. Through co- 
operation and co-ordination, these tools are complimen- 
tary and can be effective in controlling construction in 
flood-prone areas. 

The Grand River Conservation Authority has adopted a 
two-zone concept for regulating iloodplain development. 
Floodplain lands are divided into two specific ilood risk 
zones: the iloodway and the ilood fringe. 

Development within the iloodway is  not permitted. 
Within the flood iringe, residential development in an 
urban location is permitted only if it i s  of an "infilling" 
nature and certain flood-proofing measures are carried 
out. In rural areas any proposed structures are subject 
to flood-proofing stipulations before a permit ior con- 
struction is granted. 

Several municipalities within the basin have enacted oi- 
ficial plans which designate areas prone to flooding. In 
these areas, zoning by-laws prohibit development usually 
following as guidelines, the iloodplain policies im- 
plemented by the Grand River Conservation Authority. 

Flood Proofing 

Flood-prooiing measures entail design changes made to 
proposed and existing structures which reduce damage 
during flooding. These changes are primarily structural 
but they may also involve modification to uses and con- 
tents of structures. Landfilling, structural strengthening 
of buildings, permanent closing of openings in outer 
walls, equipping storm drains with flap valves to prevent 
backup of storm waters, installation of water-resistant wir- 
ing and reinforced windows and doors are examples of 
flood-prooiing measures which can be undertaken. 

At present, the Grand River Conservation Authority 
stipulates the incorporation of various flood-proofing 
measures as a prerequisite before issuing a permit to con- 
struct in the floodplain. Some flood proofing of existing 
structures has been completed by homeowners and 
businesses on an individual basis. A study oiilooding on 
the Grand river found that 13 percent of the respondents 
to a questionnaire had modified their homes or 
businesses to reduce ilood damage (Ref. 13). 

Studies indicate that flood-proofing projects are worthy 
of implementation where: 

large engineering works to control flooding are not 
feasi ble 
a considerable time will occur beiore construction 
o i  large flood control projects 
additional protection i s  needed in the event that 
flooding exceeds the design flood oithe engineer- 
ing works 
some structural protection is required to supple- 
ment non-structural projects such as floodplain 
zoning 
population density is too low to warrant large ex- 
pensive projects (Ref. Tech. Report No. 32). 

Flood proofing appears to be a viable alternative which 
could be carried out more extensively to reduce ilood 
damages in the Grand river basin, although costs may 
be significant in ilood proofing older buildings. 

Flood Forecasting and Flood Warning 

The Grand River Conservation Authority operates a flood 
forecasting and ilood warning system which enables 
basin residents to move damageable items to a safe loca- 
tion and evacuate their premises ifflooding is imminent. 

The aim o i  the flood forecasting system i s  two-fold: to 
estimate river levels in order to most effectively operate 
reservoirs to reduce ilood levels; and to provide as much 
information as possible to officials in the watershed as 
to the river levels that may be expected to occur. The 
iniormation used in ilood forecasting is based on a variety 
of sources including weather forecasts, weather data col- 
lection, snow surveys and river ilow monitoring. A radio 
communications network operated by the Grand River 
Conservation Authority allows for uninterrupted monitor- 
ing o i  weather and river conditions. 

In the case o i  imminent flooding, the Grand River Con- 
servation Authority provides iniormation regarding ex- 
pected flood levels within the basin which is relayed 
through a fan-out system to various officials and the 
media. Municipalities are responsible for relaying flood 
warnings to the public and for taking emergency action 
such as evacuating iloodplain residents and reinforcing 
dyking systems. 



9.6.2 Practices to Improve Water Quality 

Rural Non-Point Source Controls 

Largely because of agricultural activities, the rural areas 
of the basin are the largest sources of sediment, nutrients 
and some heavy metals. Over 70 to 80 percent of this 
input occurs in the late winter or early spring during the 
spring runoff. Localized high levels of bacteria occur 
mainly in the summer from various agricultural activities. 
The present major sources of non-point pollution are in 
the basins of Canagagigue creek, Conestogo river, mid- 
dle Grand river (West Montrose to Brantford), and the 
Nith river (Fig. 9.5). These areas represent the more in- 
tensively developed agricultural sub-basins of the water- 

shed. The causes of non-point pollution and some ap- 
plicable remedial measures are summarized for the sub- 
basins in Table 9.15. 

Recommended non-point source control measures are: 

1 )  conservation tillage and no-tillage practices where 
applicable 

2) stream bank stabilization 
3) restriction of floodplain use to hay and pasture 
4) restriction of cattle access to streams 
5) establishment of buffer strips 
6 )  land management practices which reduce soil ero- 

sion (winter cover crops, contour cropping, grass- 
ed waterways, etc.). 

BUFFER STRIPS: A well-maintained municipal drain with an ade. 
quate buffer zone to reduce stream bank erosion and to trap 
sediments from adjacent fields 

GRASSED WATERWAYS: Reduce erosion by allowing water to 
move across fields via a ~rotected route 

RESTRICTED CATTLE ACCESS: Unrestricted cattle access as shown on the left leads to increased stream bank erosion and in- 
creased nutrients during summer low flows. Cattle access can either be limited by ramps as shown on the right or by fencing 
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Table 9.15 Major Causes of Agricultural Non-Point Source Pollution and Proposed Remedial Measures 
for Sub-basins with Intensive Agricultural Development in the Grand River Basin 

Sub-basins 
Major Causes of Non-Point 

Source Pollution Remedial Measures 

Middle Grand River 

1. Sub-basin CA0104 

2. Sub-basin CA0107 

Canagagigue Creek 

1. Sub-basins CA0105 and 
CA0106 

Conestogo River 

1 .  Sub-basin CA0601 

2. Sub-basin CA0602 

3. Sub-basin CA0603 

Nith River 

1. Sub-basin GA0201 

2. Sub-basin CA0202 

3. Sub-basins CA0205, 
CA0206, CA0209 
and CA0210 

1. Stream bank erosion in 
lrvine Creek 

2. lnadequate buffer strips 

1. Stream bank erosion along 
Cox Creek 

2. Cattle access to Hopewell 
Creek 

3. Floodplain cultivation of 
crops along Hopewell Creek 

1. Stream bank erosion 
2. lnadequate buffer strips 
3. Probable canle access to 

streams 
4. Trout farm 

1. Stream bank erosion 
2 .  lnadequate buffer strips 
3. Cattle access to streams 

1. Stream bank erosion 
2, lnadequate buffer strips 
3. Cattle access to streams 

1. Stream bank erosion 
2. lnadequate buffer strips 
3. Cattle access to stream 

1. Stream bank erosion 
2. lnadequate buffer strips 
3. Cattle access to stream 

1. Stream bank erosion 
2. lnadequate buffer strips 
3. Floodplain cultivation of 

crops 

1. Stream bank erosion 
2. lnadequate buffer strips 
3. Floodplain cultivation of 

crops 

1. Stream bank stabilization 

2. Widen buffer strips 

1. Stream bank stabilization 

2. Fencing to restrict cattle 
access to streams 

3. Replace cultivation of row 
crops in the floodplain with 
hay crops and pasture 

1. Stream bank stabilization 
2. Widen buffer strips 
3 .  Fencing to restrict cattle 

access to streams 

1.  Stream bank stabilization 
2. Widen buffer strips 
3. Fencing to restrict cattle 

access to streams 

1 .  Stream bank stabilization 
2. Widen buffer strips 
3. Fencing to restrict cattle 

access to streams 

1. Stream bank stabilization 
2. Widen buffer strips 
3. Fencing to restrict cattle 

access to streams 

1. Stream bank stabilization 
2 .  Widen buffer strips 
3. Fencing to restrict cattle 

access to streams 
1. Stream bank stabilization 
2. Widen buffer strips 
3. Replace cultivation of row 

crops in the floodplain with 
hay crops and pasture 

1. Stream bank stabilization 
2. Widen buffer strips 
3. Replace cultivation of row 

crops in the floodplain with 
hay crops and pasture 



CONSERVATION TILLAGE A field plowed conventionally (moldboard plow) on right is compared to a field plowed using a chisel 
plow on the left. This tillage practice leaves a large percent of residual vegetative material on or near the surface to serve as a 
protective mulch against the erosive actions of wind and water 

Such control measures result in beneiits to the farmer 
by savings in soil, iertilizer and time; and benefits to the 
river and lake by improvements in water quality. Rural 
non-point source controls will aid in reducing local water 
quality degradation and improve western Lake Erie water 
quality. Depending upon the effectiveness of the con- 
trol measures in reducing nutrient inputs and thus con- 
trolling algal growth, the summer dissolved oxygen 
regime o i  the central Grand river may also be improv- 
ed. A 50-75 percent reduction in nutrient input i s  re- 
quired to make any noticeable improvement to the 
dissolved oxygen regime. The discounted costs o i  such 
measures and the related benefits are described in 
Table 9.16. 

These cost estimates are approximate in nature and will 
require more detailed site surveys and evaluations. In ad- 
dition, further research should be carried out to: 

a) more accurately determine the effectiveness of each 
control measure in reducing sediment, nutrient and 
other pollutant loadings 

b) determine the economic beneiits resulting from in- 
cremental reductions in loadings 

ci indicate the priority of control measures. 

Less intensively developed agricultural portions of the 
basin are not presently contributing to existing water 
quality problems. However, if agricultural development 
should proceed according to an intensive development 
scenario, large increases in pollutant loads could occur 
(Sec. 3.2.2 and Ref. Tech. Report No. 27). Sub-basins 
where this could occur are the upper Grand river above 
West Montrose, Grand river below Brantford, Boston 
creek located just south of Caledonia, and Big creek 
located east of Brantiord. In order to avoid the prospect 

of increased pollution from rural sources, the implemen- 
tation of good agricultural practices will be required (Ref. 
Tech. Report No. 271. 

Urban Non-Point Source Controls 

Urban non-point pollution sources contribute to inrreas- 
ed levels oisediment, nutrients, heavy metals, chlorides 
and bacteria in urban streams (Ref. Tech. Report No. 28). 
The bulk of these pollutants are washed oif during the 
spring melt period (50.70%) and during intense rain- 
slorms. Urban studies in the Grand river have indicated 
that major pollutants and their most probable sources 
of pollution are: 

phosphorus - accumulation irom dust fall, fecal matter 
from pets and wildlife, detergent from 
washing operations, decaying vegetation 
(leaves, grass clippings, etc.) and, (likely 
the largest source), fertilizer application 

chloride - de-icing salt used on highways and streets 
ior winter road maintenance 

metals - dust and dirt accumulation on iniper- 
vious surfaces irom atmospheric sources, 
industrial activities and traffic (e.g. lead 
from automobile exhausts) 

bacteria -from bird, rodent and pet feces, and 
catch basin sumps 

sediments - erosion irom construction sites and chan- 
nel bed scour 

- decaying vegetation 
- dust and dirt accumulations on imper- 

vious surfaces (streets, roofs, parking lots, 
etc.) 

pesticides - irom residential and commercial lawn 
and garden insect and weed control. 



Table 9.16 Costs and Benefits of Rural Non-Point Source Controls 
(Present Value of Costs in Millions of 1979 Dollars at 6% Discount) 

Costs 
(Million $1 

Benefits to 
Farmers 

Water Quality 
Benefit 

Action 

Conservation 
tillage 

varies labour ,  time, fertilizer, 
sustaining crop 
yields, retain topsoil 

reduces sediment and 
nutrient loading 

Stream Bank 
Stabilization 

- reduces annual costs of 
ditches to iarmer, 
reduces loss of adja- 
cent farmland due to 
gullying, etc. protects 
tile outlets 

reduces sediment 
loading and nutrient 
loading (5 to 30 
percent) 

- saving of topsoil reduces sediment 
and nutrient loading 
(10 to 20 percent) 

Floodplain 
Management 

- prevent destruction o i  
banks, reduces cost of 
bank maintenance, pre 
vents associated loss 
o i  farmland 

reduces sediment, 
nutrient and bacteria 
loading (5 to 10 

percent) 

Restriction 
of cattle 
access to 
stream and 
ditches 

Buffer strim - along ditches and 
streams - a buffer 
strip is an integral 
part of ditch struc- 
ture and as such 
helps protect ditch 
banks, reduces water 
velocitv 

reduces sediment 
and nutrient loading 
to stream (5 to 10 
percent) 

~ ~ 

- along field boundaries 
ries buffer strips 
create opportunity 
for tree windbreaks 

Total 



The effect of urban runoff upon the central Grand and 
lower Speed river was determined by: 

a) simulating, in a water quality river model, the effects 
of runoff from Brantford, Cambridge, Guelph, Kit- 
chener and Waterloo (Ref. Tech. Report No. 28) 

b) carrying out measurements of urban runoff quality 
in Guelph, Kitchener and Waterloo (Ref. Tech. 
Report No. 28). 

The study concluded that the impact of urban runoff on 
the dissolved oxygen regime in the central Grand and 
lower Speed rivers i s  minor. Similarly, the urban percen- 
tage contribution to suspended solids, nutrients and 
heavy metals in the main river i s  small, varying from 2 
to 6 percent. However, urban runoff did increase bacteria 
locally at each urban area. 

While urban impact is small on the large receiving rivers, 
urban runoff has a significant impact on the water quali- 
ty of the small urban streams such as Montgomery and 
Schneider creeks in Kitchener. 

A reduction in pollutants from urban runoti can be ac- 
complished by various modern stormwater management 
practices (Ref. 14). 

Some preventive methods of reducing pollutants from 
existing urban communities are: 

the location and eradication of all illegal connections 
of sanitary and industrial waste effluents to storm 
sewers through surveillance and remedial measures 
the reduction of atmospheric emissions which subse- 
quently accumulate on surfaces and are washed off 
during rain storm or melt events (e.g. more use of 
non-leaded gasoline) 
judicious use of sodium chloride as a de-icing agent 
on roads to lower chloride loads from urban areas 
the initiation of public-education programs design- 
ed to reduce the accumulation of litter and animal 
wastes on streets, and to promote the proper use of 
pesticides and fertlizers on urban and agricultural 
land to reduce pollution from phosphorus, bacteria, 
and pesticides 
the implementation of so-called "best management 
practices" such as improved street sweeping prac- 
tices to remove accumulated contaminants from 
streets, and more frequent catch basin sump 
cleaning. 

In newly urbanizing areas, sediment and erosion con- 
trol plans should be developed and carried out in the 
construction phase of development using such techni- 
ques as mulching and sodding exposed surfaces, 
especially drainage channels and sedimentation ponds. 

Sedimentation ponds could be either 'dry' or 'wet' and 
installed to be used permanently to capture sediments 

after the construction stage. Since a significant propor- 
tion of the pollutant load of metals and phosphorus is 
attached to sediment, any sediment control program will 
reduce the loads of these pollutants as well. Special ef- 
forts should be made to control possible chemical and 
petroleum spills likely from commercial and industrial 
areas, by providing oil separators and detention ponds. 

STREET SWEEPING: Street sweepers reduce urban pollutant 
loading to streams 

Detailed surveys and analyses will be required to deter- 
mine the most cost-etieaive method of improving or pro- 
tecting the water quality of the small urban tributaries. 

In the Grand river basin, the pollutant input from urban 
runoff i s  small relative to sewage treatment plant and 
agricultural diffuse sources. While initial priority for pollu- 
tion control measures at the basin level should be given 
to these two major sources, municipalities should under- 
take all practical non-point pollution control measures 
to improve or protect the water quality of their local 
watercourses. 

STORMWATER MANAGEMENT PONDS: These ponds at Guelph 
reducedownstream flood flows, recharge groundwater and store 
sediments from urban runoff. 



9.6.3 Practices To Reduce Water Demand 

Water Conservation 

Diminishing ground water supplies in the central region 
o i  the basin plus the high cost of importing lake water 
emphasize the importance of more efficient utilization 
of existing water supplies. 

For some areas, most notably Kitchener and Waterloo, 
the adoption of water conservation methods could ex- 
tend the life of the existing supplies and defer the need 
for new water supply and sewage treatment plants by 
approximately five to ten years. Water conservation pro- 
grams embrace a range of actions that aim at reducing 
average and maximum day demands. They include new 
pricing policies, leakage surveys, restrictions on non- 
essential uses such as lawn sprinkling, and the adoption 
of water-saving devices in the home such as low demand 
toilets and restricted shower heads. 
At present, the current per capita municipal use for ma- 
jor urban centres ranges from 650 Llcapita-d [ I43 
gallons per capita per day (gpcd)] at Brantford to 45U 
L1capita.d 199 gpcd) al Waterloo. Municipal per capita 
basin consumption for al l  serviced communities averages 
541 Llcapita-d (1 19 gpcd). With the adoption of various 
conservation programs, where warranted, it is con- 
ceivable that an average per capita rate of  consumption 
of approximately 414 Llcapita'd (91 gpcd) can be 
obtained. 

The effect of a moderate water conservation pro- 
gram for a medium population projection i s  de- 
scribed for the major urban areas. This program 
assumes a 1 0  percent reduction of in-house use, a 15 
percent reduction in sprinkling plus reductions in indus- 
trial use (Ref. Tech. Report No. 26). 

The Regional Municipality of Waterloo, in co-operation 
with the University of Waterloo, i s  actively pursuing a 
water conservation program. In particular, the region 
through an active information program is restricting lawn 
watering during the summer. Lawn watering is a major 
cause of high peak uses for which water systems must 
be designed. It is estimated that a moderate conserva- 
tion approach for Waterloo and Kitchener would reduce 
average day demand by 1 0  percent and maximum day 
demand by 12 percent. This would defer the needed 
water supply projects and sewage treatment expansions 
by approximately five years. 

In Cambridge, the adoption of moderate conservation 
methods would reduce average day demand by 16 per- 
cent and maximum day demand by 1 7  percent. 

In Guelph, the industrial water demand has been reduc- 
ed through the co-operation of the city and individual 
firms. In this city, conservation methods could reduce 
average day demand by 13 percent to 21 percent and 
maximum day demand by 15  percent to 21 percent. 

However, increasing rates and a move to a constant rate 
structure are already reducing water demands. System 
losses appear to be high - 9 percent higher than the pro- 
vincial average. This loss could be unbilled consump- 
tion or system leakage. 

The estimated impact of water conservation upon 
Guelph and Cambridge i s  higher than for Waterloo and 
Kitchener because system losses are higher (23 percent), 
compared to Waterloo and Kitchener (10 percent to 12 
percent), and the existing industrial water demand is 
larger. Both components should be reduced by water 
conservation. 

Because Brantford has the greatest concentration of water 
intensive manufacturing firms and the lowest water price, 
per capita consumption rates are the highest observed 
among the major centres in the basin [636 Llcapita-d 
(14 gpcd)]. Forseeable demands can easiiy be met from 
the Grand river and there i s  no immediate need for 
water conservation. As in Guelph, losses in Brantiord are 
approximately 9 percent higher than the provincial 
average. 

One component of water conservation pricing policies 
was examined in more detail. At present, all communities 
except Waterloo have a decreasing rate structure as 
quantity increases. A constant rate structure like that of 
the City of Waterloo may reduce average day and max- 
imum day demand by 2 percent to 7 percent. A rate 
structure that includes a special summer surcharge for 
consumption over an average winter consumption, may 
reduce peak day demand 9 percent at Kitchener and 15 
percent at Guelph (Ref. Tech. Report No. 27). 

9.6.4 General Water Management Practices 

Wetland Preservation 

Historically, wetlands have served as important habitats 
for plants and animals. The basin study has examined 
wetlands with regard to their usefulness in water manage- 
ment and the need for their preservation. Over 7 per- 
cent of the watershed is estimated to be wetlands. O f  
this total, approximately one-hall can be classified as 
recharge wetlands. These are areas which recharge a 
limited amount of precipitation into the ground water. 
The remaining one-hali can be classified as discharge 
wetlands. These areas discharge ground water into the 
streams and rivers of the Grand river basin. 

Only two wetland areas, the Luther marsh and the 
Eramosa valley wetlands have a major impact upon water 
management in the Grand river basin. The remaining 
wetlands are smaller in size and would only have an im- 
pact on local ground water and surface water conditions. 
Detailed site specific studies are required to assess the 
importance of any individual wetland to the local water 
resources. 



ERAMOSA WETLANDS 

The Eramosa valley wetlands border the Eramosa river, 
acting as a buffer between the adjoining farm lands and 
the river. These wetlands impede the flood waters suffi- 
ciently to reduce flood peaks on the Eramosa river. It was 
estimated that the wetlands would reduce flood peaks 
on the Eramosa river by approximately 70 percent. The 
wetlands aid in improving the river water quality by 
reducing the transport of suspended sediment and 
nutrients to the river. The quality i s  important as the 
Eramosa river supports a cold water fishery and i s  used 
to recharge a shallow aquifer near Arkell to provide ad- 
ditional water supply to Cuelph. 

While portions of the Eramosa wetlands have been ac- 
quired by the Grand River Conservation Authority, ad- 
ditional planning controls and acquisition are required 
to preserve the remaining unprotected wetlands. 

The Luther marsh, located near the headwaters of the 
Grand river, forms part of a river source area. In the 
marsh, small amounts of water are recharged to a local 
aquifer. The Luther wetland serves as a storage area to 
augment summer flows and to decrease flood flows in 
the spring in the downstream reaches of the Grand river. 
It also acts as a filter to trap polluting materials in runoff 
from adjacent lands. 

The preservation of the Luther marsh area has been 
assured through the acquisition of marshlands by the 
Grand River Conservation Authority. 

Hazard Land Management 

Hazard lands are all lands having inherent environmen- 
tal hazards, such as flood susceptibility, erosion suscep- 
tibility, organic soils, high water tables or any other 
physical condition which by itself or in combination with 
other conditions is severe enough to cause property 
damage andlor potential loss of life if those lands were 
to be developed. 

Practices to reduce flood damage are described in Sec- 
tion 9.6.1. The preservation of lands which are compos- 
ed of organic soils or which exhibit a high water table 
(wetlands) is discussed in Section 9.6.4. 

The protection of steep or erosive slopes from develop- 
ment is  required to prevent excessive erosion andlor em- 
bankment failure which may cause loss of life, property 
damage and alteration to adjacent river channels. 
Development includes the dumping, placingor removal 
of fill as well as the construction of structures. 

Effective management of hazard land areas requires the 
review of landscape alterations not only to the floodplain 
land, but the adjacent valley slopes to the top-of-bank. 

In this regard, the Grand River Conservation Authority 
i s  given authority to regulate the dumping or placing of 
fill in defined areas under Section 28 (O of the Conserva- 
tion Authorities Act. In order to enforce this section of 



the Act, the Authority must designate the area affected 
by such actions with fill lines. At present, the Conserva- 
tion Authority has protected specific areas (wetlands and 
source areas) by fill lines. However, the addition of fill 
lines to the Authority's floodplain maps i s  necessary to 
protect valley slopes. 

Once the appropriate technical information i s  available, 
hazard lands can then be incorporated in municipal plan- 
ning documents in order to provide accessibility of in- 
formation to the general public and co-ordination be- 
tween the Conservation Authorities Act and the Planning 
Act. 

Protection of Ground Water Recharge Areas 

The shallow and deep aquifers tapped by the Regional 
Municipality of Waterloo and the City of Guelph for 
water supply can be viewed as large underground reser- 
voirs. Shallow aquifers are replenished or recharged by 
precipitation that infiltrates into the ground directly over 
the aquifers. Deep aquifers usually obtain their recharge 
from precipitation that has infiltrated in areas some dis- 
tance away. At present, the areas of infiltration consist 

largely of agricultural lands with a small portion of land 
in urban use. 

Land use practices at some locations can pose a signifi- 
cant threat to aquifer water quality and to a lesser ex- 
tent, aquifer yield. 

The disposal of waste products, particularly irom in- 
dustries, in landfill sites, as well aschemical spills in areas 
of sands and gravels, pose serious threats to the safe use 
of aquifers for water supply. Extreme care should be 
taken to ensure that waste disposal sites are constructed 
to prevent contamination of water supply aquifers. Also, 
waste disposal sites should be monitoried toensure that 
there is no contamination of the local aauifers 

Some reductions in shallow aquifer yields may occur in 
urban areas where construction of impervious roads, 
parking lots and buildings have often reduced the 
amount of precipitation that can infiltrate into the soil. 
This loss of aquifer recharge can be partially restored by 
the use of stormwater recharge ponds and pervious drive- 
ways and parking lots. 



10. EFFECTIVENESS OF MAIN 
PLANS 

The main water management plans satisfy, to varying 
degrees, the basin study objectives. This chapter 
describes how well each plan fulfills these objectives and 
discusses the risks and uncertainties inherent to each 
plan. 

10.1 Flood Damage Reduction 

For each plan, reduction in basin-wide flood damages 
has been measured by calculating the percentage reduc- 
tion in the existing $980,000 average annual flood 
damages. The average annual damages are those which 
would occur, on the average, over a 100 year period or 
longer. On a yearly basis, flood damages are much less 
than average annual flood damages. It i s  the periodic, 
large flood events which increase the average annual 
flood damages (Appendix F). 

Plans A, B2 and D reduce average annual flood damages 
in the six major flood centres by over 91 percent. They 
increase the level of protection at Cambridge (Galt) and 
Brantford to withstand floods greater than those occurr- 
ing, on the average, once in a hundred years with an 
elevation less than or equal to the regional storm 

floodline (Table 10.1). The dyking and channelization 
projects of plans A, 82 and D are the most cost effective 
means of reducing flood damages (Fig. 10.1). Most of the 
reduction i s  provided by dykes and channelization at 
Cambridge (Galt) and Brantford where over 85 percent 
of the average annual flood damages occur. The dyking 
systems proposed for Paris, Caledonia, Dunnville and 
New Hamburg produce fewer benefits per dollar spent 
(Table 10.2). The Montrose reservoir by itself, is the most 
effective of all the proposed reservoir systems in reduc- 
ing flood damages. It generates an average 55 percent 
reduction in average annual flood damages. 

In plan Cl ,  the St. Jacobs reservoir provides a maximum 
flood reduction of 50 percent. Plan C2, the Montrose 
small single-purpose reservoir option, provides a slight- 
ly higher maximum flood damage reduction. Plan C3, 
the Montrose large single-purpose reselvoir with almost three 
times more storage available than plan C2, produces a 
maximum of only 3 percent moredamage reduction than 
plan C2. This small additional reduction in damage oc- 
curs as a result of the uncontrolled local inflows which 
occur downstream of the reservoirs above the flood 
damage centres. At Montrose, flood control storage 
greater than approximately 24.7 million cubic metres 
(20,000 acre-ft) has little effect on reducing downstream - 
flood damages. 

Figure 10.1. Flood damage reduction cost-effectiveness 
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Single-purpose reservoirs plans CI and C3 are less cost- 
effective than the multi-purpose Montrose reservoir, plan 
B1 (Fig. 10.11. In this comparison, only one half of the 
Montrose costs are allocated to paying ior flood damage 
reductions whereas the entire costs of the single-purpose 
reservoirs C1 and C3 are included as costs to reduce 
flood damages (appendix C). 

Variation in Future Flood Damages 

Several factors could cause an increase in the average 
annual flood damages. including an increase in the 
number of buildings erected in the floodplain or an in- 
crease in the frequency of flood flows. This study assumes 
that existing floodplain regulations will restrict future con- 
struction and that any fl~rther development permitted 
within the floodplain will not materially aiiect average 
annual flood damages, including an increase in the 
crease in the frequency of flood ilows due to changing 
land bse i s  far less predictable and could result in in- 
creases in the average annual flood damages (Ref. 1). 

10.2 Maintain Adequate Water Quality 

In comparing the various plans in terms o i  water quali- 
ty, primary emphasis has been placed on the problems 
caused by oxygen-consuming materials and nutrient 
enrichment. The methods that can be used to achieve 
the water quality objective for dissolved oxygen, will 
alleviate many oithe water quality problems created by 
the various pollutants outlined in Chapter 6, particular- 
ly toxic ammonia. Remedial measures aimed specifical- 
ly at controlling certain non-point and urban sources of 
pollution are common to all plans and are dealt with in 
Chapters 7 and 9. 

Oxygen-demanding pollutants from sewage treatment 
plants and areas of excessive aquatic plant growth com- 
bine to reduce dissolved oxygen concentrations in the 
central Grand river for 40 kilometres (25 miles) between 
Waterloo and Paris and in the Speed river for 20 
kilometres (12 miles) between Guelph and Cambridge 
(Preston). Therefore, these two most seriously degraded 
stretches of the river system were selected for intensive 
investigation and subdivided into twenty-one segments 
for modelling purposes (Fig. 10.2). 

The water quality simulation model mathematically 
simulates water quality conditions in the twenty-one river 
reaches, incorporating a wide variety of variables in- 
cluding streamflow, waste loading, water temperature, 
and aquatic plant growth (Appendix D). A review of 
water quality records shows that the most serious 
degradation occurs during the late spring, summer and 
early autumn months when natural streamflows are 
lowest, water temperatures are highest, and plant growth 
i s  maximum. As a result, the model was run to predict 
daily water quality conditions for the four month period 

from June to September. Output irom the model provides 
iniormation on the percentage of time within any given 
month that the provincial dissolved oxygen objective 
(i.e. 4 mg/L at 2 5 T )  i s  not achieved; the degree of non- 
compliance, (i.e. how low levels actually dropped); and 
the spatial extent of water quality degradation. 

In comparing and evaluating the effectiveness of the 
plans ior improving water quality, two different types of 
years were examined - the "worst" year, (ie. the one 
years were examined - the "worst" year, (i.e. the one 
most degraded instream dissolved oxygen conditions) 
and the "average" year which reflects conditions that 
could be expected to occur during the majority of years 
(Appendix Dl. Furthermore, output from the model in- 
dicates that during most years, the most critical condi- 
tions o i  dissolved oxygen depression and nuisance 
aquatic plant growth occur during August. 

Accordingly, water quality conditions which occur dur- 
ing the month o i  August are useiul to compare the ef- 
fectiveness of the different plans. 

Grand River - Central Basin 

Plans A, C, and D improve water quality conditions in 
the central Grand river basin by reducing oxygen-de- 
manding waste loadings and nutrient inputs through the 
use of advanced sewage treatment. Initially, plan 6 
achieves water quality improvements by augmenting 
streamflow with water irom the Montrose reservoir. Fur- 
ther improvements are made under plan B by adding ad- 
vanced sewage treatment at Kitchener in the year 2001 
and in Waterloo in the year 2021 

The impact o i  water quality management plans on 
dissolved oxygen levels for the average and worst years 
in the central Grand river basin are detailed for the 
medium population projection (Fig. 10.3 and 10.4). The 
beneiicial effects of plans A, C, and D and plan 6 are 
compared to existing conditions, that is, conditions that 
would result if advanced sewage treatment or additional 
flow augmentation were not provided. 

Several important facts become apparent: 

the dissolved oxygen objective is not achieved ful- 
ly by any plan 
all plans result in improved water quality conditions 
both in terms of time of non-compliance with the 
dissolved oxygen objective and the magnitude of 
violation in terms of minimum concentrations 
plan 6 has the most beneficial impact on water 
quality, particularly after 2001, when advanced 
sewage treatment i s  incorporated at the Kitchener 
sewage treatment plant 
oxygen-demanding waste discharges irom the Kit- 
chener sewage treatment plant in combination with 
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Flgurs 10.2. Location of river reaches modelled by the water quality model. 
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nuisance aquatic plant growths result in serious 
degradation near Doon (reach 5) and through Cam- 
bridge (Galt) (reach 14) 
low dissolved oxygen levels in the vicinity of Glen 
Morris (reach 16) result primarily from aquatic plant 
respiration. The water quality components o i  plans 
A, C, and D do not appear to provide substantial 
improvement at this location, whereas the flow 
augmentation irom the Montrose reservoir (plan B) 
does have beneficial effects 
during the worst year, the occurrence of dissolved 
oxygen levels less than 1 mgiL (near septic condi- 
tions) are greatly reduced by plans A, C, and D and 
virtually eliminated by plan B. All plans also 
substantially reduce the lengths of timewhen con- 
centrations are less than 2 mg/L (Fig. 10.4). 

Figure 10.5 illustrates the impacts of the plans on reach 
5, the most degraded zone in the central basin. Under 
both average and worst year conditions, conventional 
(existing) treatment results in continuing degradation over 
the next fifty years. The benefits ofthe plans in terms of 
increasing the very low (less than 2 mg1L) dissolved ox- 
ygen levels are clearly shown. Plan B iurther improves 
dissolved oxygen levels after the year 2001 with the ad- 
dition of advanced waste treatment at Kitchener 
significantly increasing the benefits of flow augmentation. 
In terms of water quality, the plans produce im- 
provements over the next twenty years and a slight tread 
towards degradation for plans A, C and D after that time 
as populations and thus loadings from the sewage treat- 
ment plants increase. However, the degree of water 
quality impairment remains much less than conditions 
that exist today. 

The effects of the treated wastewater discharges from the 
Paris and Brantford sewage treatment plants were includ- 
ed in the mathematical simulation model. The relatively 
small discharge from Paris does not result in water quality 
degradation during the average or worst years, either to- 
day or with future population projections. 

The Brantford sewage treatment plant discharges its 
treated waste to an area of the river with a high 
assimilative capacity and streamflow and low levels of 
aquatic plant and algal growth. As a result, dissolved ox- 
ygen levels now and in the future do not fall below 
4 mgiL for either average or worst year conditions. 
Simulation modelling indicates that treatment beyond 
conventional activated sludge treatment i s  not required 
to maintain satisfactory dissolved oxygen levels below 
Brantiord. However, nitrification may be required to pre- 
vent ammonia toxicity at some point in the future. 

Meeting the Provincial Water Quality Objectives 

None of the plans meets the dissolved oxygen objective 
of 4 mg/L in the critical reaches of the central Grand basin 
continuously. Achieving this objective fully would re- 
quire the virtual elimination of oxygen-demanding wastes 

from all sources as well as substantial reductions of 
phosphorus (to about 0.1 mglL) in the sewage effluents 
and runoff from all non-point sources. 

Phosphorus reduction by itself from either land drainage 
or sewage treatment plants provides little improvement 
in dissolved oxygen levels. It must be accompanied by 
an equivalent reduction in oxygen-demanding wastes. 
For example, an 80 percent reduction of phosphorus 
from rural diffuse sources upstream of Waterloo would 
result in an increase of only 0.5 mg/L in oxygen concen- 
trations in the central Grand river reach. It i s  highly 
doubtful that such a large reduction is technically or 
economically feasible at the present time. 

While it i s  technically possible, the reduction of 
phosphorus and oxygen-demanding waste loadings from 
sewage treatment plants to 0.1 mg/L i s  extremely expen- 
sive and even then, without upstream controls, the 
dissolved oxygen objective would not be met fully (Ap- 
pendix E ) .  

While not achieving the dissolved oxygen objective total- 
ly, the plans result in a substantial improvement in water 
quality by minimizing the critically low (less than 2 mg/L) 
dissolved oxygen levels and reducing the total time of 
non-compliance with the provincial objective at all loca- 
tions in the central basin. In addition, the plans have 
beneficial effects for other water quality parameters. The 
advanced sewage treatment (nitrification) of plans A, C 
and D and the dilution from flow augmentation of plan 
B eliminate problems related to toxic un-ionized am- 
monia. Sewage effluent filtration further reduces 
suspended particulate matter as well as associated 
phosphorus, metals and trace organic chemicals. 
Nitrification and filtration improve the disinfection efii- 
ciency of chlorine, thus reducing bacteria in the sewage 
treatment plant discharges and costs of chlorination. 

Water Quality Benefits 

If the provincial water quality objective for dissolved ox- 
ygen cannot be maintained at all times throughout the 
central basin by plans A, B, C or D, what then, are the 
benefits of the improved water quality conditions achiev- 
ed by these plans? The benefits lie principally in the im- 
provement of the aquatic habitat for fish and other 
organisms in aesthetically more attractive watercourses. 

A dissolved oxygen index incorporating time, magnitude 
(concentration), and spatial extellt of non-compliance 
with the dissolved oxygen objective was developed 
specifically for the basin study in order to assess each 
plan's improvement in conditions for aquatic life (Appen- 
dix E). 

Based on toxicity information regarding low dissolved 
oxygen levels, the dissolved oxygen index was subdi- 
vided into categories (Ref. Tech. Report No. 13). A value 
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Single-purpose reservoirs plans C1 and C3 are less cost- 
effectivethan the multi-purpose Montrose reservoir, plan 
B1 (Fig. 10.1). In this comparison, only one half of the 
Montrose costs are allocated to paying for flood damage 
reductions whereas the entire costs of the single-purpose 
reservoirs C1 and C3 are included as costs to reduce 
flood damages (appendix C). 

Variation in Future Flood Damages 

Several factors could cause an increase in the average 
annual flood damages, including an increase in the 
number of buildings erected in the floodplain or an in- 
crease in the irequency of flood flows. This study assumes 
that existing floodplain regulations will restrict future con- 
struction and that any further development permitted 
within the floodplain will not materially affect average 
annual flood damages (Appendix F). However, an in- 
crease in the frequency of flood ilows due to changing 
land use i s  far less predictable and could result in in- 
creases in the average annual flood damages (Ref. 1). 

10.2 Maintain Adequate Water Quality 

In comparing the various plans in terms of water quali- 
ty, primary emphasis has been placed on the problems 
caused by oxygen-consuming materials and nutrient 
enrichment. The methods that can be used to achieve 
the water quality objective for dissolved oxygen, will 
alleviate many of the water quality problems created by 
the various pollutants outlined in Chapter 6 ,  particular- 
ly toxic ammonia. Remedial measures aimed specifical- 
ly at controlling certain non-point and urban sources of 
pollution are common to all plans and are dealt with in 
Chapters 7 and 9. 

Oxygen-demanding pollutants irom sewage treatment 
plants and areas of excessive aquatic plant growth com- 
bine to reduce dissolved oxygen concentrations in the 
central Grand river for 40 kilometres (25 miles) between 
Waterloo and Paris and in the Speed river for 20 
kilometres (12 miles) between Guelph and Cambridge 
(Preston). Thereiore, these two most seriously degraded 
stretches oithe river system were selected ior intensive 
investigation and subdivided into twenty-one segments 
for modelling purposes (Fig. 10.2). 

The water quality simulation model mathematically 
simulates water quality conditions in the twenty-one river 
reaches, incorporating a wide variety of variables in- 
cluding streamflow, waste loading, water temperature, 
and aquatic plant growth (Appendix D). A review o i  
water quality records shows that the most serious 
degradation occurs during the late spring, summer and 
early autumn months when natural streamilows are 
lowest, water temperatures are highest, and plant growth 
is maximum. As a result, the model was run to predict 
daily water quality conditions forthe four month period 

from June to September. Output irom the model provides 
information on the percentage of time within any given 
month that the provincial dissolved oxygen objective 
(i.e. 4 mg/L at 25°C) is not achieved; the degree of non- 
compliance, (i.e. how low levels actually dropped); and 
the spatial extent of water quality degradation. 

In comparing and evaluating the effectiveness of the 
plans for improving water quality, two different types of 
years were examined - the "worst" year, (ie. the one 
year out of twenty years of simulation which exhibits the 
most degraded instream dissolved oxygen conditions) 
and the "average" year which reilects conditions that 
could be expected to occur during the majority of years 
(Appendix D). Furthermore, output from the model in- 
dicates that during most years, the most critical condi- 
tions o i  dissolved oxygen depression and nuisance 
aquatic plant growth occur during August. 

Accordingly, water quality conditions which occur dur- 
ing the month of August are useful to compare the ei- 
fectiveness of the different plans. 

Grand River - Central Basin 

Plans A, C, and D improve water quality conditions in 
the central Grand river basin by reducing oxygen-de- 
manding waste loadings and nutrient inputs through the 
use of advanced sewage treatment. Initially, plan B 
achieves water quality improvements by augmenting 
streamflow with water irom the Montrose reservoir. Fur- 
ther improvements are made under plan B by adding ad- 
vanced sewage treatment at Kitchener in the year 2001 
and in Waterloo in the year 2021. 

The impact o i  water quality management plans on 
dissolved oxygen levels for the average and worst years 
in the central'crand river basin are detailed for the 
medium population projection (Fig. 10.3 and 10.4). The 
beneficial effects of plans A, C, and D and plan 6 are 
compared to existing conditions, that is, conditions that 
would result if advanced sewage treatment or additional 
i low augmentation were not provided. 

Several important facts become apparent: 

the dissolved oxygen objective is not achieved ful- 
ly by any plan 
all plans result in improved water quality conditions 
both in terms of time of non-compliance with the 
dissolved oxygen objective and the magnitude o i  
violation in terms o i  minimum concentrations 
plan B has the most beneficial impact on water 
quality, particularly after 2001, when advanced 
sewage treatment is incorporated at the Kitchener 
sewage treatment plant 
oxygen-demanding waste discharges from the Kit- 
chener sewage treatment plant in combination with 
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greater than 45 on the index represents "poor" quality, 
unsuitable for the healthy survival of desirable fish 
species. At the other end of the scale, an index value 
of 0 represents "good" conditions where the 4 mglL 
dissolved oxygen objective i s  always met. Figure 10.6 
shows the index, a descriptive and visual representation 
of conditions iound for each category within the index, 
and the quality conditions that would be achieved by 
each plan over the next fifty years. 

Based on continuous dissolved oxygen monitoring 
records for a station located at Kitchener (Bridgeport), 
summer water quality at the head o i  the critical central 
Grand river reach is represented by an index value of 
16.7 representing "fair to good" conditions. 

For the "do nothing" option; that is, the application of 
conventional treatment without additional treatment or 
flow augmentation, dissolved oxygen conditions would 
fall into the "fair" range during average years, and drop 
to "poor" during the worst year. As sewage flow in- 
creases with urban growth, the dissolved oxygen condi- 
tions would degrade slightly ior average conditions but 
would worsen quite markedly for worst year conditions. 

Plan B oifers the best water quality conditions in terms 
of the dissolved oxygen index. In an average year dis- 
solved oxygen conditions would fall into the "fair to 
good" category, to the year 2031. A variety of sport fish 
could be expected to be found throughout the central 
basin reach during the average year. During the worst 
year, water quality would degrade to "fair" in the year 
2001. With the implementation of advanced treatment 
at Kitchener in 2001, conditions would return to "fair 
to good" 

To summarize, all four plans produce improvements in 
water quality over conventional treatment for both the 
average and worst year conditions. Plan B clearly pro- 
vides the best conditions for fish and aquatic life, par- 
ticularly after the year 2001, when dissolved oxygen 
would always fall into the "fairto good" range. No plan 
achieves fully the provincial water quality objective for 
dissolved oxygen of 4 mglL - a level that can be achiev- 
ed only by drastic reductions of oxygen-demanding 
wastes and phosphorus from all point and non-point 
sources. 

Although plans B1 and 82 produce higher water quality 
conditions in the central Grand river than theother plans, 

With plans A, C, and D, advanced sewage treatment at 
the major sewage treatment plants would result in a "fair 
to good" rating during the average year and the river 
could support a variety of sport fish. In a worst year, 
dissolved oxygen conditions would drop to the "fair" 
category and it is reasonable to suspect that sport fish 
would avoid the areas of lowest dissolved oxygen such 
as reaches 5, 13, 14, and 16. 

they would cost more than plan A1 by $8 million and 
$29 million respectively, and would cause some 
detrimental social and environmental impacts in the 
northern part o i  the basin. Within the Montrose reser- 
voir, there would be an adverse impact on water quali- 
ty because conditions would encourage nutrient enrich- 
ment, bottom water oxygen depression, and algal growth 
in the iall. These conditions are presently observed in 
the existing major reservoirs. 

The Speed River Basin 

The lower Speed river from the Guelph sewage treatment 
plant to the coniluence with the Grand river has low sum- 
mer dissolved oxygen levels resulting from oxygen- 
demanding wastewater discharges from the Guelph 
sewage treatment plant and the respiration of nuisance 
aquatic plants which are stimulated by the nutrients dis- 
charged irom the treatment plant. 

The City o i  Guelph has recently incorporated nitrifica- 
tion facilities to reduce the oxygen demanding and tox- 
ic ammonia effluents from its sewage treatment plant. 
This facility will substantially improve water quality. 
However, the dissolved oxygen simulation model shows 
that even with the new treatment at Guelph, severe ox- 
ygen depressions could continue to occur irom Guelph 
to Cambridge (Preston), largely as a result of aquatic plant 
growth. 

The basin study examined two alternatives to improve 
dissolved oxygen levels in the lower Speed river. The iirst 
provided additional treatment to reduce phosphorus 
discharges at the Guelph sewage treatment plant and 
thereby reduce the aquatic plant growth downstream. 
This option was incorporated into the cost estimates for 
all plans. The second involved additional phosphorus 
removal at Guelph plus increased streamflow augmen- 
tation from a reservoir located upstream from Guelph 
on the Eramosa river near Everton (plan A3). 

The impacts of these two alternatives ior the average and 
worst year conditions on the Speed river between 
Guelph and Cambridge (Preston) are shown for the 
medium population projection (Fig. 10.7 and 10.8). 
Simulation of additional augmentation from the Everton 
reservoir was carried out for 1979 conditions but not for 
the next iifty year planning horizon, but the beneficial 
effects would likely continue over this period. The 
beneficial efiects of each alternative are compared to 
simulated existing conditions which incorporate the 
operation of the RBC nitrification units at the Guelph 
sewage treatment plant. 

Several interesting results emerge: 

1) the dissolved oxygen objective is not achieved by 
any plan. In iact, even with the removal of the 
sewage treatment plant discharge (diverting its 
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discharge to the Grand river), the 4 mg/L objective 
would not be met at all stations 

2)  the most seriously degraded reaches are 7 and 8 
downstream from the Guelph sewage treatment 
plant and reach 10 just north of Hespeler. Respira- 
tion of nuisance aquatic plant growth is likely the 
most significant cause of degradation in these areas. 
However, oxygen-demanding wastes from Guelph 
contribute to low dissolved oxygen levels at reaches 
7 and 8 and impoundments at Hespeler may con- 
tribute to degradation at reach 10 

3) the treated wastewater discharge from the Hespeler 
sewage treatment plant appears to have little effect 
on dissolved oxygen levels 

4) during both the average and worst year, existing 
(RBC) treatment shows an improvement in condi- 
tions between 1979,2001 and 2031. The apparent 
explanation of this phenomenon i s  the beneficial 
effects (i.e. turbulence, additional aeration) of ad- 
ditional flow in the river resulting from higher 
hydraulic loadings (treated sewage flow) from the 
Guelph sewage treatment plant as population 
grows 

5) additional phosphorus removal at the Guelph 
sewage treatment plant and flow augmentation 
from the Everton reservoir show substantial benefits 
for both the average and worst year. Additional 
phosphorus removal alone shows substantial im- 
provement at reach 8 but i s  of limited benefit at 
reaches 7 and 10, particularly during the worst year 
and in the future. 

The impact of additional phosphorus removal and flow 
augmentation (plan A3) at reach 7, the most degraded 
zone in the lower Speed river is illustrated in Figure 10.9. 
Water quality conditions will be improved to various 
degrees in this reach overthe next fifty years depending 
on which plan i s  implemented. The benefit of plan A3 
(Everton reservoir option) in terms of percent time in non- 
reservoir option) in terms of percent time in non- 
compliance with the dissolved oxygen objective and 
magnitude (concentration) of non-compliance, is signifi- 
cant. Some benefit for the average year conditions is ex- 
pected with additional phosphorus removal alone but 
the benefit is very limited under worst year conditions. 

Meeting the Provincial Water Quality Objective 

Todate, there has been insufficient opportunity to ade- 
quately measure directly the beneficial effects on water 
quality of the rotating biological contactors and sand 
filtration facilities recently installed at the Guelph sewage 
treatment plant. The simulation model indicates that the 
RBCs and filters will result in measurable improvements 
in water quality by eliminating the long periods of near- 
anoxic (zero dissolved oxygen) conditions that occur dur- 
ing most years. The model predicts, in fact, that dissolved 
oxygen will seldom fall below 2 mg/L. 

The utilization of either advanced phosphorous treatment 
or phosphorus treatment plus flow augmentation by the 
Everton reservoir would not consistently achieve the 4 
mglL dissolved oxygen objective throughout the lower 
Soeed river. However. under averaze vear conditions the - ,  
latter alternative would come very close to meeting the 
provincial water quality objectives for dissolved oxygen 
at most stations. 

Several additional alternatives were considered to in- 
crease dissolved oxygen levels in the lower Speed river 
including: extremely sophisticated sewage treatment at 
the Guelph sewage treatment plant (total phosphorus 
reduction to 0.05 mg/L); removal of the sewage treatment 
plant discharge from the Speed river (diversion of 
discharge to the Grand river); and stringent control of 
all upstream oxygen-demanding waste and phosphorus 
sources, virtually simulating natural undisturbed 
conditions. 

None of these alternatives increased predicted minimum 
dissolved oxygen enough to meet the 4 mgiL objective 
consistently throughout the lower Speed river. Physical 
conditions of the lower Speed river, such as rocky stream 
beds, shallow water depths, and lack of shading are 
naturally conducive to aquatic plant growth. Although 
documentation could not be found, it is speculated that 
abundant growths of aquatic plants and attendant 
lowered night-time dissolved oxygen levels probably oc- 
curred in the lower Speed river prior to rural and urban 
development in the basin. Short of physically removing 
the aquatic plants or introducing oxygen directly to the 
river, continuous compliance with the dissolved oxygen 
objective i s  technically infeasible. 

Water Quality Benefits 

Although neither the advanced treatment option nor the 
advanced treatment plus additional flow augmentation 
option consistently achieves the provincial d&olved ox- 
ygen objective, each offers measurable benefits when 
compared to existing conditions. The dissolved oxygen 
index employed in the central Grand river assessment 
was applied to the lower Speed river as well (Figure 
10.10). 

With existing sewage treatment facilities at Guelph (in- 
cluding nitrification), dissolved oxygen conditions dur- 
ing the worst year for all population projections over the 
fifty year planning horizon, fall into the "very poor" 
range. No fish, with the exception of a few coarse species 
such as carp, could survive in these conditions and most 
desirable sport species would avoid the area. In the 
average year, conditions are substantially better, falling 
into the "fair" range. As the population of Guelph in- 
creases and more highly-treated sewage i s  discharged, 
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an unusual phenomenon is simulated by the model ior 
average years - the assimilative capacity of the river is 
increased and water quality conditions are upgraded to 
the "iair to good" range. Some warm-water sport fish 
could be expected to be iound in the river. 

Advanced treatment results in some improvement over 
existing conditions but, during the worst year, conditions 
are sti l l  rated as "poor" and only coarse iish and some 
warm-water sport fish would be able to withstand the 
severe stresses associated with low oxygen levels. Dur- 
ing average years, advanced treatment would improve 
conditions to the "fair" and "fair to good" ranges and 
a variety of sport iish could be expected to inhabit the 
area. 

The advanced treatment plus additional flow augmen- 
tation option (plan A3) results in substantial im- 
provements over existing conditions. During the worst 
year, dissolved oxygen conditions would fall into the 
"fair" range, and in the average year, "fair to good" con- 
ditions would exist and sport fish could be expected to 
inhabit the lower Speed river avoiding only a few 
sections. 

While plan A3 provides the largest improvement in the 
water quality o i  the lower Speed river, it increases plan 
costs by $17 million. It also causes detrimental upstream 
environmental impacts such as the destruction of the 
cold-water fishery at the Everton reservoir site on the 
Eramosa river. With the creation o i  a reservoir, 
downstream water quality benefits in the lower Speed 
river are obtained at the expense of decreasing upstream 
water quality in the upper Eramosa river. 

The option of providing advanced phosphorus treatment 
alone results in some improvement in water quality, par- 
ticularly under worst year conditions. 

As there has been no opportunity to assess the effects 
on water quality of the newly installed rotating biological 
contactors for nitrification at the Guelph sewage treat- 
ment plant, no decision on additional treatment should 
be made until an adequate amount of field data has been 
collected and the benefits o i  the RBCs assessed. Then, 
additional treatment and other remedial measures such 
as instream aeration or aquatic plant removal should be 
evaluated further. 

Variation of Water Quality With Population Projec. 
tions 

The dissolved oxygen conditions in the central Grand 
river and the Speed river are relatively independent o i  
population growth except for the Speed river during 
average year conditions. For example, the Grand river 
water quality index for the conventional treatment op- 
tion changes only 11 percent by the year 2001 while the 
population doubles in size (Fig. 10.6). This means that 
the dissolved oxygen levels are already dominated by 
maximum biomass conditions as well as oxygen- 
demanding loads, and additional nutrients from sewage 
flows would cause little additional biomass growth. 
Consequently, dissolved oxygen levels in the central 
Grand river would decrease only slightly with an increas- 
ing population. In contrast, because of unusual hydraulic 
conditions the dissolved oxygen levels in some reaches 
o i  the Speed river may increase slightly during average 
year conditions because of increased sewage flows from 
urban growth and the high level of treatment provided 
at Guelph. 



10.3 Provide Adequate Water Supplies 

Municipal Needs 

The main area where municipal water demands will 
outstrip available supplies is in the Regional Municipali- 
ty o i  Waterloo, Existing municipal ground water supplies 
will have to be supplemented by additional surface water 
abstraction, either irom the Grand river (plans A, B and 
C )  or from a lake source (plan D). Although the water 
supply projects incorporated in the four plans will meet 
100 percent of  future average and maximum day 
demands, there is a wide disparity in water supply costs 
and beneiits. For example, the water supply costs of plan 

D, which utilizes the Lake Erie pipeline ior water sup- 
ply, are 20 times more than those of plan A, B or C. In 
addition, the heneiits derived would be less than the 
costs. 

Variation in Future Municipal Water Demand 

The staging and costs of water supply projects will de- 
pend directly on the growth rate of municipalities and 
the application of water conservation methods. For ex- 
ample, a low population growth rate in the Cities of Kit- 
chener, Waterloo and Cambridge could delay the 
necessity oiimplementing phase II of the Mannheim re- 
charge scheme by approximately five years. A low 
population growth rate combined with a reduction in 
water demand o i  5 percent for the average day and 10 
percent iorthe maximum day could delay the necessity 
of implementing phase I of the Mannheim recharge 
scheme by five years, and phase II by fifteen years. The 
implementation of new ground water sources ior Cam- 
bridge could be delayed by ten years (Ref. Tech. Report 
No. 26). 

Industrial Needs Independent of Municipal Use 

Unless the municipal ground water supplies are ade- 
quately protected in the central Grand river basin, pro- 
jections indicate that separate industrial ground water 
abstractions may compete with municipal ground water 
supplies (Sec. 6.1.4). At present, the Regional Municipali- 
ty of Waterloo limits the amount o i  ground water new 
manufacturing firms may abstract and the City of Guelph 
requires new factories to use existing municipal supplies. 
As long as such restrictions continue and there are no 
large expansions in demands from existing users, ade- 
quate ground water supplies will be available in the cen- 
tral basin to meet industrial needs independent of 
municipal use. 

For the remainder of the basin, projections indicate that 
separate industrial water demand should be met ade- 
quately by existing sources, principally by surface water. 

Agricultural Needs 

A preliminary analysis by the basin study indicates that 
there i s  generally an adequate supply of water for irriga- 
tion purposes in sandy and sandy loam areas for future 
needs. It was assumed that the crops grown on heavy 
clay will not need irrigation. More detailed studies are 
required to determine the economics of irrigating such 
crops as corn and the feasibility o i  matching individual 
irrigation requirements with supply. 

10.4 Summary of Plan Costs and Benefits 

The dollar value o i  costs and benefits for each oithe four 
main plans is summarized in Table 10.3. Each plan's 
efiectiveness in achieving the three basin study objec- 
tives is indicated by a percentage o i  the objective achiev- 
ed. The objectives used to evaluate plan effectiveness 
are: for flood damage reduction reduce average annual 
damages to zero; for water supply meet maximum day 
demands; and ior water quality meet a water quality in- 
dex o i  0. 

The monetary value o i  beneiits has been calculated for 
flood protection and water supply projects, but because 
of the difficulty in estimating the monetary value of such 
water quality benefits as aesthetics, improved aquatic liie, 
and public health, the dollar value of water quality 
beneiits has not been calculated (Appendix C). Costs in- 
clude al l  components of the plan except the cost of ex- 
panding the existing sewage treatment plants. The ex- 
pansion costs were not included in the comparison with 
beneiits because it is the new additional treatment 
facilities which contribute to the improved water quali- 
ty, rather than the expansions o i  existing sewage treat- 
ment processes which maintain the status quo by pre- 
venting further degradation. 

The dollar value of costs and beneiits presented in Table 
10.3 has been calculated based on a medium popula- 
tion projection and is compared with other population 
projections in Figure 10.1 1. This figure shows that ior 
various L~rojections, costs vary less than benefits. This is 
mainly due to the large water supply (consumer surplus) 
benefits derived from the high populations for a relatively 
small increase in costs. 

Plans A l ,  A2 and A4, involving dyking and channeliza- 
tion, local sources of water supply and advanced sewage 
treatment, have the highest net benefits and plan D, the 
pipeline plan, has the lowest net benefits. This ranking 
is maintained for other discount rates ranging irom 0 to 
10 percent. 



Table 10.3 SUMMARY TABLE OF COSTS AND BENEFITS FOR MAIN PLANS - MEDIUM POPULATION PROJECTION 
(Millions of 1979 Dollars1 

PLAN 

A 

lption 1 

A 

lption 3 

AN DESCRIPTION: , 
WATER QUALITY 

Sewage Treatment: 
.itchener - Nitrification 

Filtration 
1981 

Waterloo - Nitrification 
Filtration 

01 
iuelph - Chem~cal  treat^ 

ment and Multi- 
Media Filtration 

81 

28% 1. Speed 
23% - Grand 

Same as Plan A, 
Option 1 

28% Speed 
23% Grand 

Same as Plan A, 
Option 1 

Flow Augmentation 
on Spced River from 

Everton Resprvnir 

69% Speed 
23% -Grand 

Same as Plan A. 
Option 1 

Possible future auemen- 
tation an Grand River 

from Montrose Reservoir 

28% Speed 
23% Grand 

WATER SUPPLY 

Ground Water: 
Cambridge, Cuelph 

Surface Water: 
Kitchener-Waterloo 

1991 
Cambridge connect to 

Kitchener~Waterloo 
2021 

Ground Water: 
Cambridge. Cuelph 

Surface Water: 
Kitchener-Waterloo 

1991 
Cambridge connect to 

Kitchener-Waterloo 
1986 

Same as Plan A 
Optlon 1 

Same a i  Plan A, 
Option 1 

100% 

Dyker &Channel Workr 
in: Preston. Calt, 
Paris. Brantfard. 

New Hamburg 

Same ar Plan A. 
Option 1 

Same as Plm A. 
Optlon 1 

Same as Plan A, 
option 1 

Acqulr? Montrore 
Reiervolr land far 
~or r lb le  future use 

PRESENT VALUE 01 
DISCOI 

ITEM 

11 STP-CASiCueIph REK 
21 STP~New Facilities 
31 Water Sunnlv 

51 Other Flood Prat. 
61 Water Sup. Benefits 
71 Flood Prot. Benditi 
81 Net Benefits = 

(6+71 ! 2 + 3 + 4 + 5 1  

11 STP~CAS+Guelph RBC 
21 STF~New Facilities 
31 Wdter Supply 
41 Reservoirs 
51 Other Flood Prot. 
61 Wdter Sup. Benefits 
71 Flood Prot. Beneflk 
81 Net Benefils - 

l6+7) - !2+3+4+51 

11 STP-CAS+Guelph RBC 
21 STP-New Far~l~iie, 
31 Water Supply 
41 Rewrvolri 
51 Other Flood Prat. 
61 Water Sup. Renefitr 
71 Flood Prot Beneilti 
81 Net Beneiiii - 

16+7) 12+3+4+51 

1) STP~CAS+Cuelph RRC 
21 STP-New Farlhtie, 
31 Water Supply 
I 1  Reservoir Land 
51 Other Flood Prat. 
51 Water Sup. Beneiitr 
71 Flood Prot. Benefits 
31 Net 8enefltr - 

!6+71 - 12+3+4+5) - 

ENEF - 
T RA - 

0% 

379 
77 
38 
0 

25 
1078 

46 

984 

- 
379 
77 
34 
0 

25 
1074 

46 

984 

379 
77 
38 
17 
25 

1078 
46 

967 

379 
77 
3R 
0' 

25  
1078 

46 

984 - 

ITS & COSTS 
TF 

Note: Percent figures refer lo % of objective achieved: except where noted the objectives are: Water Quality - meet a water quality index o f 0 0  on the 
Grand river and an the Speed river: Water Supply - Max. Day Demand: Flood Damage Reduction - zero average annual damages. 

* For purposes of cconomic analyrir it was assumed that the land acquired far the Mantrose reservoir would be sold in the year ZOO1 



Table 10.3 SUMMARY TABLE O F  COSTS A N D  BENEFITS FOR M A I N  PLANS - M E D I U M  POPULATION PROJECTION (Continued) 
(Millions of 1979 Dollars) 

- 

PLAN - 

B 

Jptron 

PLAN DESCRIPTION. PRESENT VALUE Of 

UNT - 
y&- 
94 
17 
14 
42 

1 
107 

9 

42 

- 
94 
17 
14 
42 
24 

107 
15 

25 - 
94 
30 
14 
25 

1 
107 

8 

45 - 
94 
30 
14 
28 
I 

107 
9 

43 - 
94 
30 
14 
42 

1 
107 

9 

29 - 
89 
29 

278 
0 

24 
66 
14 

251 - 

WATER SUPPLY 

Same a, Plan A. 
Option 1 

:LC00 DAMAGE REDUCllON 
ITEM 

11 STP-CAStGueIph RBC 
21 STP-New Fac!lities 
31 Water Supply 
41 Reservoirs 
51 Other Flood Prot. 
61 Water Sup. Benefits 
71 Flood Prot. Benefits 
81 NPI Benefiti = 

(6171 - i2+3+4+51 

WATER QUALITY 

Sewage Treatment: 
(itchener - Nilr~fication. 

Filtrat80n 2001 
laterloo Nitrification. 

riltrdt~on 20.21 
uelph Chemical Treatmen 

and Multi-Media 
Filtration 1981 

Flow Augmentaton: 
Mantrose R~rervoir 

Montroie Reservoir 
Dykes in New Hamburg 

28% - Speed 
58% Grand 

Same a$ Plan 8. 
Option 1 

I! STP-CAStCueIph RBC 
21 STP~New Fdcilitier 
31 Water Supply 
41 Reierva~r, 
51 Other Flood Prot. 
bl Water Sup. Benefiti 
71 Flood Prot. Benefit3 
81 Net Benefitr - 

(6+71 - i2+3+4+51 

Same as Plan A 
Optlon 1 

Montroie Reservoir 
Dykes and Channel 
Works same a i  Plan 

A. Optton 1 

96% 
28% Sped 
58% - Grand 

Same aa Plan A. 
Optlon 1 

Lame a5 Plan A. 
Optlo" 1 

St. Jacobs Dry Reservoir 
Dyke5 rn New Hamburg 

1) STP-CAStCuelph RBC 
21 STP-New Facilities 
31 Water Suoolv 

51 Other Flood Prot. 
61 Water Sup. Benefitr 
71 Flood Prot. Benefits 
81 Net Benef~tr = 

(617) (2-3+4+5)  
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31 Water Supply 
41 Reservoirs 
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61 Water Sup. Benpfitr 
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01 Net Benefits - 
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1) STP~CASiCuelph RBC 
21 STP-New Facilities 
31 Waler Supply 
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51 Other Flood Prot. 
6) Water Sup. Benef~tr 
71 Flood Prot. Benefitr 
8) Net Benefiti = 
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2 )  STP~New Facilit~es 
3 )  Water Supilly 
1) Reiervoiri 
5) Other Flood Prot. 
51 Water Sup. Benefits 
71 Flood Prot. Benefitr 
31 Net Benefits = 
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28% - Speeil 
21% - Grand 

Samr a5 Plan A. 
Optlo" 1 

Samr as Plan A 
Optlon 1 

Montroie Dry Reservoir 
24.7 million c u h c  metres 

(>O.OOO acre feet1 
Dykes in New Hamburg 

54%/56"h 
28% Speed 
23% - Grand 

Same a) Plan A. 
option 1 

Same a i  Plan A. 
Optl"" 1 

Montrme Dry Reservor 
77 7 m ~ l l ~ o n  whir 

mctrcs 
(63 WO acre feet1 

Dykes In New Hamburg 
56%157% 28% - Speed 

23B - Grand 

Same ar Plan A 
Option I 

Lake Er~e Plpel~ne 
Kltchen~r-Waterloo. 

Cambridge, Brantford 

Same as Plan A 

91% 

Crwnd Water: 
Guelph 

28% Speed 
23% Grand 

Note: Percent figurer refer to % of objectlvc achieved: except where noted the objectlves are: Water Quality = meet a water quality index of 0.0 an 
the Grand river and on the Speed rwer: Watcr Supply = M u  Day Demand; Flood DamageReduct~on - zero average annual damages. 

A range of flood damage benefits is given for multl-purpose reservoirs. This range reflectr variations in the assumed storage volumu available in 
the spring tn retain flood ilowi. Storage vulumcr will vary wlth the tlme of year and the operating ruler used for each reservoir. 

" Net benefits include $.wingi in cost Item 1 over Plan A. There savlngr arise due to a reduced 5TP hydraulic load brought about by price induced 
reductions in water demand. 
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10.5 Uncertainty 

As the impacts of a project or plan are estimated over 
a considerable time into the future, there i s  no guarantee 
that the project effects will exactly meet the predictions. 
Although there may be little doubt that the immediate 
effects will occur as projected, the degree of doubt or 
uncertainty increases the further into the future projec- 
tions are made. 

This study has grouped uncertainties into two types, one 
dealing with input to the plan such as population pro- 
jections and flow forecasts and the second dealing with 
plan performance such as possible iailure o i  dykes and 
dams and reliability of water supply options. Where 
uncertainties can be deiined by probability, the uncer- 
tainty i s  often called a risk. 

Some of the more important uncertainties involved in 
achieving each objective are discussed in the following 
sections. 

10.5.1 Uncertainty In Reducing Flood Damages 

Uncertainty in reducing ilood damages can be divided 
into two classifications: (1) uncertainty in predicting such 
quantities as flood damages, flood flows and flood fre- 
quencies; and (2) risk of not achieving ilood damage ob- 
jectives through project failure. 

Prediction Uncertainty 

Estimates of iuture annual flood damages can be affected 
by floodplain development, changes in the frequency or 
magnitude of floods, and risks of structural iailure. A 
review of past floodplain development trends indicates 
that the total annual damages for the basin will not vary 
significantly in the future, due to floodplain development. 
However, the damages for small local areas such as New 
Hamburg could vary widely (Sec. 10.1; and Appendix F). 

Recent studies have indicated that in Cambridge (Galt) 
flood volumes have increased 18 percent and the fre- 
quency oi i lood occurrences has more than doubled in 
the last iorty years (Ref. 1). 

While it is  suspected that increases in row cropping and 
artificial drainage have increased natural flood flows, 
there i s  no conclusive proof to this effect. Furthermore, 
it is uncertain whether the trend to increasing flood flows 
has peaked or will continue. 

Low frequency floods such as the 50-year or 100-year 
floods, have been predicted using short term rainiall and 
streamflow records having a period of record less than 
twenty-iive years. The extrapolation of short term records 
many years into the future can introduce error into the 
calculation of flood flows and flood damage. 

For example, there is a 5 percent risk that the 100-year 
flood, instead of being 1,634 m3/s at Cambridge (Calk) 
could be as high as 2,274 m3/s or as low as 994 m31s. 
Similarly, the average annual damages could vary irom 
$1,500,000 to $47,000 (Table 10.4). 

Plan Uncertainty 

While the dykes and channelization o i  plan A ofier the 
most ilood damage reduction atthe least cost, they have 
a higher risk of iailure than a dam. 

Because ofeconomics, dykes are usually built to with- 
stand a smaller ilood than a dam and hence the risk o i  
iailure i s  higher. Major dykes are currently designed to 
allow safe passage of the flood created by a regional 
storm while modern dam spillways are built to withstand 
a ilood ilow of approximately double this size without 
damaging the dam itself (although flooding downstream 
i s  not prevented). In addition to overtopping by ilood 
waters, dykes can iail from operational or structural 
causes. Until recently, almost every dyke constructed on 
the Grand river failed because the dyke system was not 
completed or was overtopped (Table 10.5). Incomplete 
dyke systems were the result of lack of funds or shiiting 
priorities as the memory of the latest flood disaster re- 
ceded into the past. Operational failures can occur i i  
openings in the dyke system such as bridge entrances 
or drain outlets are not blocked. For example, ilood 
damages will occur behind the Cambridge (Galt) dyke 
system if the entrances to the bridges crossing the Grand 
river are not closed during periods o i  severe flooding. 

2) Best estimate I 1,189 m3/s I 1,416 m3/s 1,634 m3/s 1 5 490.000 I 

Table 10.4 Flood Flows, Frequencies and Damages 
at Cambridge (Galt) 

Average Annual 
Damages 

$1,500,000 1) Upper 95% con- 
fidence limit 

3) Lower 95% con- 
iidence limit 

Return Period in Years 
20 50 100 

849 m3/s 

2,274 m3/s 1,529 m3/s 

906 m3/s 

1,926 m3/s 

994 m3/s 5 47,000 



Table 10.5 Dvke Failures for Selected Flwd Damage Centres Within the Grand River Basin 

DateIPeriod of 
Municipality Installation 

Brantford* 1887-1937 +- 
New Hamburg 1 1954 

Kitchener- 
Bridgepon 

1959 

Paris t 

Date of 
Failure Inrufficient Height 

teason ior Failure 

Insufficient Len~th I Breached 

Brantford has installed over 5-11'> mtler of dykes since 1887: all three reasons accounted for dyke failure during floods 

To avoid similar problems, the dykes proposed in plans 
A to D will utilize modern construction techniques and 
will be designed to withstand the regional flood. 
However, the high performance ofthese dyking projects 
will be achieved only if the dyking systems are completed 
and operated efficiently. 

10.5.2 Uncertainty In Maintaining Adequate 
Water Supply 

Uncertainty in achieving an adequate water supply can 
be divided into two categories: (1) uncertainty in predic- 
ting water supply demands because of variations in 
population and water conservation forecasts; and (2) the 
uncertainty of not meeting water supply demands 
because of supply shortages or water quality problems. 

Prediction Uncertainty 

Future water demands are highly dependent upon popula- 
tion projections and the effects of water conservation. 
To capture this uncertainty, the basin study considered 
three and, in somecases, four population projections as 
well as varying rates of water conservation. 

For plans A, Band C, supply costs based on a medium 
population projection are increased by $3 million ior a 
high population projection and decreased by $2.5 million 
for a low population projection (present value of costs 
counted at 6 percent). This is relatively insignificant com- 
pared to plan D where medium population projection 

supply costs discounted at 6 percent, are increased $6 
million for a high population projection and decreased 
by 840 million for a low population projection. 

Plan Uncertainty 

In plans A, B and C, the future water supply for 
Kitchener-Waterloo depends upon withdrawing water 
from the Grand river by iniiltration wells and direct 
pumping to recharge areas. 

Three questions arise irom these water supply projects. 
First, is there a sufficient supply of water available to meet 
future demands? Second, is the water quality suitable for 
a drinking water supply? Third, isthe Mannheim recharge 
system feasible? 

Hydraulic simulations were carried out to determine the 
reliability of plans A, B and C in meeting a variety of target 
flows at two river locations - Kitchener and Brantford 
(Sec. 9.5). Table 10.6 shows the maximum river flow re- 
quirements for the Mannheim scheme to supply water 
to Kitchener-Waterloo. Future river withdrawals could 
be met if the existing reservoirs were operated to achieve 
a minimum supply rate of 3.8 m3is (plans A, C and D, 
Table 9.4). However, at present the existing reservoirs 
are not operated to meet a specific target flow during 
the winter months. The existing operating policy would 
have to be modified to include winter target flows to en- 
sure adequate winter water supply (Sec. 9.5.). 



Table 10.6 Maximum River Flow Requirements for Water Supply 
to Kitchener-Waterloo Option 1, Plans A-C 

2031 High 
Medium 
I nw 

An uncertainty o i  some concern that is not completely 
addressed by the study is the possibility of contamina- 
tion of the water supply from upstream sources of syn- 
thetic organic compounds and the creation of organic 
compounds during the disinfection process at Mannheim 
prior to distribution. 

Based on the information available to date, the chief 
sources of upstream industrial organics appear to be from 
current and past operations of the Uniroyal Ltd. chemical 
complex at Elmira ( k c .  6.4.2) and from an abandoned 
industrial waste landfill site at Breslau near Kitchener. 
Upstream sewage treatment plants, most notably the 
Waterloo plant, may also be contributing organic com- 
pounds. These sources are located above the intake of 
the Mannheim recharge scheme and the Woolner Flats 
induced infiltration site. The Forwell induced infiltration 
site i s  upstream from the Breslau site but downstream 
from Elmira. 

At Elmira, industrial wastes are pre-treated by Uniroyal 
Ltd. and then discharged to the Elmira sewage treatment 
plant for further treatment. Some organic compounds 
have been detected in the effluent from the treated 
sewage treatment plant and in downstream reaches of 
Canagagigue creek, but, at this time, their significance 
with respect to downstream water supply does not ap- 
pear to be serious. 

A new industrial waste treatment process is currently be- 
ing installed at Uniroyal Ltd. The impact of this process 
on influent and effluent quality at the sewage treatment 
plant will have to be carefully assessed. 

In addition, there is some initial evidence that industrial 
organic compounds may be leaching from Uniroyal's 
abandoned waste disposal sites. Preliminary surface and 
subsurface investigations indicate that the concentrations 
of any monitored organic chemicals reaching Cana- 
gagigue creek are well below drinking water objectives 
(Ref. 15) by the time the creek reaches the main Grand 

Comments 

River withdrawals are 
used to supply infil- 
tration wells and 
Mannheim recharge 
scheme. 

Population 
Projection 

2001 High 
Medium 
Low 

river and organic chemicals have not been detected in 
adjacent ground water supply wells at Elmira. Theopera- 
tions at the industry are under continuing surveillance 
by the Ministry of the Environment, Environment Canada 
and Uniroyal to determine ii further improvements in 
waste treatment or management are needed. 

Grand River Withdrawals in 
m3/s near Kitchener-Doon 

0.45 
0.40 
0.003 

At Breslube Enterprises near Kitchener, high levels of 
phenolic compounds have been detected in drains from 
the abandoned waste disposal site. Detailed investiga- 
tions are being carried out by the Ministry ofthe Environ- 
ment and the Regional Municipality of Waterloo to deter- 
mine the best method of controlling this contamination 
and stopping any discharge to the river. 

Preliminary sampling for industrial organic compounds 
at twelve sites on the Grand river and its tributaries have 
indicated that industrial organics in low concentrations 
are present in the river. However, based on available 
drinking water objectives, (Ref. 15) the river water is 
suitable for municipal water supply. As the initial in- 
vestigations were preliminary in nature, a much more 
extensive water sampling program must be carried out 
prior to instituting the Mannheim water supply scheme. 
The program is also necessary for evaluating the induc- 
ed infiltration sites at Kitchener and other downstream 
withdrawal sites at Brantford and Cayuga. A suggested 
source-identification-surveillance program is included in 
Appendix E. 

The third uncertainty with respect to the water supply 
projects centres on the feasibility of the Mannheim 
recharge scheme. Preliminary ground water investiga- 
tions carried out by the Regional Municipality of 
Waterloo indicate that the Mannheim recharge scheme 
is feasible. However, iurther testing is necessary to com- 
plete the investigation. If this scheme is unable to sup- 
ply an adequate amount of water to Kitchener-Waterloo, 
other alternatives such as plan 6, the Montrose reservoir 
option, would have to be reconsidered. 



10.5.3 Uncertainty In Maintaining Adequate 
Water Quality 

In dealing with water quality, an important question to 
examine is: what is the uncertainty involved in predict- 
ing future water quality conditions This will involve 
uncertainties in population predictions, in sewage treat- 
ment plants not meeting specified effluent standards, and 
in the accuracy of the water quality simulation model. 
If it can be assumed that the predicted water quality 
results are reasonably accurate, a second question arises: 
how often do the various plans meet the water quality 
obiectives? 

Prediction Uncertainty 

While water quality benefits for all four management 
plans do not change significantly with population in- 
creases (Sec. 10.3) the costs of treatment will vary with 
increases in population. 

The sewage treatment costs calculated for the medium 
population projection will be increased by approximately 
$25 million for a high population projection and de- 
creased by approximately $20 million for a low popula- 
tion projection. 

The probability of existing sewage treatment plants not 
meeting their specified effluent standards was determined 
by obtainingthe probability distribution of actual effluent 
characteristics and incorporating it into the water quali- 
ty model. 

As most of the differences in water quality between plan 
A and plan B were measured by a complex mathematical 
water quality model, it was necessary to determine how 
precisely this difference was simulated. The model was 
calibrated on one year of observed data and then tested 
and verified on a different year of observed data. At any 
point in time, the accuracy of the simulated dissolved 
oxygen concentrations was + 1 mgiL when compared 
with observed results. When compared to observed data, 
the model accurately reproduced the number of times 
that the dissolved oxygen value fell within the critical 
range of 2 to 4 mgiL, 99.6 percent of the time. 

While the accuracy of modelling existing conditions is 
good, the accuracy of predictingfuture water quality con- 
ditions with substantially different loadings and hydraulic 
conditions remains uncertain. 

Another uncertainty is predicting the occurrence and ef- 
fect of accidental chemical spills such as those which oc- 
cur as a result of train derailments upon surface and 
ground water quality. Such spills can affect aquatic life 
and sources of water supply. Generally, the effects of 
such spills are of a short term nature in surface waters 
and the effects on water supplies can be reduced by ade- 
quate warnings and containment procedures. However, 
spills that affect ground water resources can have a long 
term effect and abatement i s  extremely difficult. At pre- 
sent, the Ministry of the Environment, working with other 
appropriate agencies, has a contingency program to en- 
sure a rapid response to such emergencies with effec- 
tive mitigation procedures to minimize environmental 
damage and risk to human health and safety. 

Plan Uncertainty 

An estimate of how well each plan fulfills the dissolved 
oxygen objective of 4 mgiL is given by the percent time 
each plan meets the objective for average year and worst 
year conditions. For example,.under average year con- 
ditions in 2001 at reach 5 on the Grand river (the most 
seriously degraded reach in terms of dissolved oxygen)., 
existing conventional treatment will meet or exceed the 
objective only 57 percent of the time during the month 
of August, plans A, C and D will meet the objective 80 
percent of the time and plan B will meet the objective 
98 percent of the time. Similarly, during the worst year 
or the one-in-twenty year occurrence, in the year 2001 
at reach 5, existing conventional treatment will meet the 
objective 40 percent of the time, plans A, C and D will 
meet the objective 55 percent of the time, and plan B 
will meet the objective 93 percent of the time. 

Of course, the percent time when conditions meet the 
objective will increase and vary in other reaches as noted 
in Section 10.3 and Figure 10.3. 

Summary 

From the discussion regarding risks and uncertainties, it 
can be concluded that the selected water resource plan 
should be sufficiently flexible in design to deal with future 
risks and uncertainties. The two most flexible water 
management plans are plan A4 and plan B. Both plans 
provide for the opportunity of developing an alternative 
water supply source by using the water from a reservoir 
at Montrose. Plan A4 maintains the option of obtaining 
a higher water quality through increased flow augmen- 
tation in the central Grand river if this i s  required in future 
years. 



11. COMPARISON AND 
EVALUATION OF MAIN 
PLANS 

The four plans and the related options which were 
selected for further consideration (Table 11 . l ;  and Fig. 
11.1) were compared and evaluated by technical 
members of the basin study team, water managers from 
the major municipalities in the basin, and four public 
consultation working groups. These evaluations were 
considered by the Grand River Implementation Commit- 
tee (GRIC) in their identification of a preferred plan. 

11.1 Comparison of Plans 

Comparisons of the four plans and their variations on the 
basis of costs, benefits, advantages and disadvantages are 
summarized in Table 11 .l. Briefly, plans A1 and A2 are 
the most economical plans with minimal overall en- 
vironmental and social impacts. Plan A3, which utilizes 
a dam at Everton to obtain a higher water quality on the 
lower Speed river, was discarded by the technical and 
public groups since high environmental impacts would 
be incurred at the reservoir site offsetting the benefits 
which would be accrued further downstream. Plan A4 
provides the most flexibility because the Montrose reser- 
voir site would be preserved until future risks and uncer- 
tainties are identified or dispelled. 

Plan B1, utilizing the Montrose reservoir but not dyking 
and channelization, was unanimously rejected by the 
technical and public groups because it did not adequate- 
ly meet the objective to reduce flood damages and would 
cause significant detrimental social and environmental 
impacts. Plan B2, which includes dyking and channeliza- 
tion along with the Montrose reservoir, is the most 
reliable plan as it gives additional flood protection and 
increased water quality (Fig.11 .l). However, it costs $29 
million dollars more than Plan At and the negative en- 
vironmental and social impacts are greater. 

Plan C, the dry or single-purpose reservoir option, is a 
compromise between the no reservoir plans (plan A l ,  
A2 and D) and the multi-purpose reservoir option (plan 
B). This plan reduces the detrimental environmental im- 
pacts of a reservoir but provides less flood protection than 
plan A1 and less water quality improvement than plan 
B. In addition, the dry reservoir option produces many 
of the same negative social impacts as does the multi- 
purpose reservoir option. Therefore, plan C was also re- 
jected by the technical and public groups. 

Plan D, the Lake Erie pipeline plan, while having minimal 
longterm environmental and social impacts, is the most 
expensive plan with high water supply operational costs 
of over $5 million per year. Because this plan is over five 
times more expensive than plan A and the other less ex- 
pensive plans can adequately meet the study objectives, 
it was rejected by the technical and public groups. 

11.2 Evaluation of Plans 
By Technical Groups 

The technical staff of the basin study selected plans A l ,  
A2, A4 and B2 as being the best plans but preferred plan 
A4 over the others. 

In contrast, the water managers who are charged with 
the day-to-day responsibility of operating major flood 
control, water supply and sewage treatment services 
preferred plan 82 because it offered, in their opinion, 
a more reliable and secure water management system. 

PUBLIC WORKING GROUP: These citizen advisory groups 
aided the study in evaluating the various water management 
plans 

11.3 Evaluation of Plans By Public Groups 

The evaluation by representatives of the public was car- 
ried out by four public consultation working groups 
made up of citizens from different geographical areas of 
the basin. Three of the four working groups selected 
plans A1 and A2 as the preferred plans. The fourth group, 
representing the lower portion of the basin preferred plan 
82, the Montrose reservoir option, because of its greater 
ability to reduce flood flows, maintain higher summer 
flows and improve water quality. 

The working groups tended to favour the plans with 
minimal social impacts. Two of the three public groups 
selecting plans A1 and A2 were opposed to plan A4. 
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11.4 Selection of Preferred Plan 

The Grand River Implementation Committee considered 
the technical and public evaluations as well as all of the 
related detailed technical, economic, environmental and 
social information provided by the study team. 

The Committee agreed that: 

- completion of dykes and channelization projects at 
Cambridge, Brantford, Paris, Caledonia, Dunnville 
and New Hamburg would provide a high degree of 
flood protection 

- installation of advanced sewage treatment facilities at 
an early date at Kitchener and Guelph and later at 
Waterloo would significantly improve water quality 
over existing conditions although it would not meet 
fully the provincial water quality objective for dis- 
solved oxygen in some parts of the Grand river below 
Kitchener and the Speed river below Guelph 

- continuing development of local sources of ground 
water and river water can fully meet future municipal 
water demands 

- provision to protect the site of the Montrose reser- 
voir by land acquisition and planning controls would 
ensure flexibility to provide further improvements in 
flood protection, water quality and water supply if 
they are required by future changes in population, 
development, land use or climate, or if they are 
desired by future residents of the basin. 

Accordingly, the Grand River lmplementation Commit- 
tee has identified plan A4 as the preferred option for 
water management in the Grand river basin. This deci- 
sion was made because the $72 million cost of the plan 
i s  near that of the lowest cost final options, plans A1 and 
A2, the environmental and social impacts are compara- 
tively low, and flexibility to deal with future changes and 
uncertainties is enhanced. 
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12. THE PREFERRED PLAN 
The following sections provide more detail on the ma- 
jor components o i  the preferred plan, plan A4, and 
describe various conservation and land use planning 
policies which will aid in meeting the water management 
objectives for the Grand river basin. Component costs 
and staging of the projects are included. 

12.1 What The Plan Does 

12.1.1 Reduce Flood Damages 

In plan A4, a combination of structural and non-structural 
methods would be implemented or improved to reduce 
flood damages. 

Structural Methods 

Plan A4 reduces potential urban flood damages through 
the construction o i  dykes and channelization. In the ur- 
ban centres of Cambridge (Galt and Preston), Brantford, 
Paris, Caledonia, New Hamburg, and Dunnville, 
damages would be reduced by 91 percent. They would 
be reduced by 90 percent in Grand Valley and by 95 per- 
cent in Plattsville on the Nith river. 

Of the several structural, flood control alternatives in- 
vestigated by the basin study, dykes and channelization 
provide the most cost-effective methods of reducing ur- 
ban flood damages with minimum detrimental en- 
vironmental and social impacts. 

Another effective structural method of reducing flood 
damages is  the flood proofing of homes and businesses 
situated in the iloodplain. Flood proofing should be en- 
couraged for: 

existing structures where dyke installation may not 
be practical because existing development already 
encroaches on river banks 
new structures erected behind an existing dyke 
system. 

Non-Structural Methods 

While structural projects are useful i n  reducing flood 
damages, they do not guarantee immunity irom floods 
at all places and at all times but only protect against 
floods of specified magnitudes. Since flood control struc- 
tures do not completely eliminate the risk o i  flooding, 
further development in the floodplain after remedial con- 
trol structures have been erected should be limited as 
outlined in the recently approved Grand River Conser- 
vation Authority (GRCA) policy which sets out stipula- 
tions for development on lands protected by major dyk- 
ing projects. 

The best tool in reducing or eliminating flood damages 
i s  regulating floodplain development. Present GRCA 
policies regulate development below the regulatory 
floodline (Ref. 16). These policies should be strengthen- 
ed by the inclusion o i  a registered fill line along the river 
valleys. Municipalities should continue to develop and 
adopt policies in their official plans which would restrict 
the use of ilood prone lands. Such policies should be im- 
plemented with the appropriate zoning by-law regula- 
tions and subdivision practices and should conform with 
GRCA and provincial floodplain management policies 
and regulations. 

Where the flood hazard i s  severe and it i s  uneconomical 
to protect existing homes or businesses by dyking or 
flood proofing, the land and buildings could be acquired 
by the GRCA andlor by the municipality, although such 
measures are costly. Land acquisition will be necessary 
for dyking and channelization projects and, in some 
cases, additional land will be needed to reduce adverse 
impacts on adjacent property. 

12.1.2 Provide Adequate Water Supply 

In plan A4, water supply needs would be met through 
the use of local surface and ground water sources and 
the implementation of water conservation methods 
where warranted. 

Local Sources For Major Urban Areas 

Existing municipal ground water supplies for Kitchener- 
Waterloo will be supplemented by water withdrawn from 
the Grand river. These withdrawals will be accomplish- 
ed by induced infiltration wells constructed near the river 
and by pumping irom the river to recharge ground water 
at  the Mannheim well field. 

Additional water demand at Brantford will be met by fur- 
ther withdrawals irom the Grand river. To meet future 
water needs, Guelph will continue to use municipal wells 
and a combined spring collection system and artificial 
recharge operation at Arkell. Elora and Fergus will have 
to develop additional ground water supplies by 2031. The 
potential for future ground water development for these 
two communities is good (Chapter 7; and Ref. Tech. 
Report No. 10). 

Decrease Demand Through Water Conservation 

Increasing water use, limits on the availability o i  large 
capacity ground water supplies in the central region of 
the basin, and the high cost of importing lake water are 
factors which emphasize the value of more efficient 
utilization of existing water supplies. For some areas, the 
adoption o i  water conservation methods could extend 
the life of the existing supplies and deier the need for 



new water supply and sewage treatment plants by ap- 
proximately five to ten years. 

Municipal consumption ior the iive major centres 
averages 541 Licapita'd 11 19 gpcd). With the adoption 
o i  various conservation programs, it is conceivable that 
an average per capita rate of consumption of approx- 
imately 414 Licapita'd (91 gpcd) can be obtained. 

In order to reduce water demand, municipalities with 
limited supplies should consider moving irom a decreas- 
ing rate structure as quantity used increases, to a con- 
stant rate as the City of Waterloo has done. Also, the in- 
troduction o i  a rate structure that includes a special sum- 
mer surcharge would reduce excessive lawn sprinkling 
during the summer months, thereby reducing maximum 
day demand. 

12.1.3 Provide Adequate Water Quality 

In plan A4, water quality improvements would be made 
primarily by improved sewage treatment and wherever 
possible, by rural and urban non-point source controls. 
These water quality improvements would occur primar- 
ly in the central Grand river and in Lake Erie east ofthe 
river's mouth. 

Sewage Treatment 

Advanced sewage treatment facilities are required at Kit- 
chener nowto improve water quality in the Grand river. 
At the medium rate of population growth, advanced 
treatment would be needed at Waterloo by the year 
2001. In addition, depending on the effectiveness ofthe 
newly installed iacilities, advanced sewage treatment 
may be required at Guelph in the near future. Hydraulic 
expansions to the existing conventional sewage treatment 
facilities will be needed throughout the planning period. 
Major expansions would need to be carried out at 
Guelph in 1996,2016 and 2031 and at Cambridge (Galt) 
in 2006 and 2021. 

With plan A4, the provincial water quality objective for 
dissolved oxygen o i  4.0 mgiL is achieved throughout 
most o i  the basin but i t  cannot be met iully at all loca- 
tions, particularly in the central Grand and Speed rivers 
downstream from the major municipalities. The low 
dissolved oxygen levels (less than 2 mgiL), now common 
occurrences in both rivers, would be virtually eliminated 
in all but the worst year conditions. The addition o i  ad- 
vanced sewage treatment facilities at Kitchener, Waterloo 
and Guelph also will reduce toxic wastewater loadings 
and the provincial water quality objective ior ammonia 
will be met. 

Several smaller urban areas have a local effect upon river 
water quality. At present, Elmira and Drayton require ad- 
ditional sewage treatment in order to meet the provin- 
cial water quality requirements. However, to accom- 

modate future population growth, the communities of 
St. Jacobs, Elmira, Elora and Wellesley will be required 
to maintain the water quality objectives in the receiving 
streams (Chapter 7). 

Rural Non-Point Source Controls 

Rural non-point source controls should be concentrated 
in the Canagagigue, middle Grand, Conestogo and the 
Nith river sub-basins. These areas account ior 80 percent 
of the sediment load, 70 percent of the phosphorus load 
and 70 percent of the nitrate-nitrite load in the whole 
Grand river basin. 

A wide range of control measures are suggested, in- 
cluding: conservation tillage; fertilizer and manure 
management; buffer strips; and grassed waterways. The 
cost-effectiveness o i  each control measure will depend 
upon individual sites and will require detailed, site 
specific studies and evaluations. These measures will 
generally savethe iarmer time, soil, and fertilizer and will 
conserve the soil. They will aid in improving: Lake Erie 
water quality by reducing nutrient loadings; local stream 
quality by reducing bacteria concentrations; and to a 
lesser extent, depending upon the effectiveness of 
management practices, the nutrient and dissolved ox- 
ygen levels o i  the Nith and central Grand rivers. 

Urban Non-Point Source Controls 

While oxygen-demanding wastes in urban runoif do not 
materially afiect the quality of the main Grand river or 
its tributaries, stormwater management practices should 
be applied wherever possible to protect the quality of 
small urban tributaries such as Schneider creek in Kit- 
chener and Hanlon creek in Guelph (Ref. Tech. Report 
No. 26). 

Urban stormwater practices such as street sweeping with 
vacuum pickups, catchment sump cleaning and the cap- 
ture of sediment in storage ponds will reduce nutrient 
and heavy metal loadings to the local tributaries (Ref. 
Tech. Report No. 28). 

12.2 How Much The Plan Costs 

The capital, operating and maintenance costs of plan A4 
are shown in iive year increments (Table 12.1). The dates 
given are the approximate times when new facilities 
would be needed i i  populations increase at the medium 
projected growth rates. Similar tables have been 
developed for low and high population projections (Ap- 
pendix C). Other rates o i  growth will accelerate or delay 
the times when some of the works are required. 

At present, the GRCA owns about one-third of the 1,214 
hectares (3,000 acres) required to protect the Montrose 
reservoir site. Much of the acquired land i s  still in 
agricultural use. The value of this land i s  $3.4 million. 



Table 12.1 Water Ma 
Increments 

gement Plan A4 - Capital, Operating and Maintenance Costs Identified in  Five-Year 
#er the Fifty Year planning ~ o r i z o n  ~ s s u m i n ~  Medium Population Growth - 

lions - 
1996 

dollar - 
2001 

not di - 
201 1 CAPITAL COSTS TOTAL COST 

1. Sewage Treatment 
Region of Waterloo* 
Guelph STP 
Brantford STP 

Total 

2. Channelization and Dyking 
Region of Waterloo* 
Brantford 
Paris 
Caledonia, Dunnville, New Hamburg 

Total 

3 .  Water Supply 
Region of Waterloo* 
Guelph 
Brantford 

Total 

4. Acquisition of Montrose site lands 

TOTAL PLAN CAPITAL COSTS 
Region of Waterloo* 
Guelph 
Brantford 
Others 

Total** 

OPERATING AND MAINTENANCE 
COSTS 

Sewage Treatment 
Region of Waterloo* 
Guelph 
Brantford 

Sub-Total 

Water Supply 
Region of Waterloo* 
Guelph 
Brantford 

Su b-Total 

Total O&M Costs 

* Region of Waterloo refers to major capital works in Waterloo, Kitchener and Cambridge 

* *  Total plan capital costs include the costs of sewage treatment plant expansions 
* * *  n no.., +inn *..A ..-;..+ - . -n , , - . .~m+; , , , .  L" .L -.---A:..- c.,- 



Acquisition of the remaining land as it becomes available 
i s  one method of preserving the reservoir lands and main- 
taining the option of building the dam and reservoir in 
the future. In estimating the costs of plan A4 it was as- 
umed that acquisition of all the lands required will take 
place by the year 2001. Subsequently, the land can either 
be sold, used for construction of a dam and reservoir, 
or preserved for other uses. These options for possible 
actions after 2001 are not incorporated into Table 12.1. 

Rural non-point source controls are estimated to cost 
approximately $5.5 million discounted at 6 percent over 
the fifty year planning period (Ref. Tech. Report No. 27). 
Economic benefits such as savings in soil, time and fer- 
tilizer require more research and were not evaluated in 
this study. Work i s  currently being carried out in the 
United States and Canada to provide information on the 
benefits and effectiveness of rural non-point source 
controls. 

Cost for projects dealing with localized flood control, 
water supply and water quality are given in Chapter 7. 
Since these projects would be required for each plan, they 
do not affect the evaluation of the final plans and their 
costs are not included in the total cost of any of the plans. 

12.3 Flexibility 

As well as meeting, to a satisfactor; extent, the water 
management objectives, plan A4 includes provision for 
the acquisition of the Montrose reservoir site. Preserv- 
ing the option of building the Montrose reservoir pro- 
vides a safety factor which would allow for additional 

river flow augmentation for water quality improvement, 
water supply, and additional storage for flood control. 
It allows for the uncertainties inherent in mathematical 
modelling and predictions with respect to flood flows and 
water quality, and in projections of population, economic 
development and land use changes. Further, it maintains 
flexibility in relation to possible changes in recreational 
values or needs. 

The preservation of the Montrose reservoir lands for 
possible future water management needs could be ac- 
complished by any one of the following land use 
measures: 

local municipal zoning regulations preserving the 
land for agricultural use 
Ministry of Municipal Affairs and Housing zoning 
order preserving the land for agricultural uses only 
purchase of land from willing sellers 
expropriation of lands 
combination of the above methods. 

If zoning methods are implemented, the agricultural land 
use will be preserved. However, the property owners 
may find that the value of their land would increase less 
rapidly because of restricted development prospects. 
Methods c) and d) provide maximum possible protec- 
tion of the site. The purchase of land from willing sellers 
has a minimum social impact while expropriation creates 
more severe social impacts. However, both these options 
will probably tend to raise land prices. Social and 
economic impacts could be reduced by lease-back ar- 
rangements so that existing land use practices will not 
be disrupted. 



IMPLEMENTATION OF 
WATER MANAGEMENT 
PLANS BY EXISTING 
INSTITUTIONS 

At present, there is no one agency responsible for im- 
plementing all aspects of water management in the 
Grand river basin. For example, the agency primarily 
responsible for ensuring protection of water quality and 
proper development of water supplies is the Ontario 
Ministry oithe Environment (MOE); whereas regional or 
local municipalities, corporations and individuals have 
responsibilities for constructing and operating facilities 
to prevent pollution and supply water. The Ontario 
Ministry of Natural Resources (MNR) develops policies 
and guidelines for flood damage reduction. Implemen- 
tation of floodplain policies in the Grand river basin is 
carried out by the Grand River Conservation Authority 
and local municipalities. Control over floodplain 
development i s  also administered by the Ministry of 
Municipal Affairs and Housirg (MAH) which provides 
guidelines to municipalities for developing appropriate 
policies forfloodplain development in their official plans 
and implementing and zoning by-laws and subdivision 
approvals. In addition, the mandates of several other 
agencies from the federal to municipal level include ac- 
tivities covering various aspects of water management 
(Ref. Tech. Report No. 20). 

Several additional provincial statutes and programs are 
applicable to specific aspects of water management. Ex- 
amples include the Environment Assessment Act 
(MOE), the Public Lands Act (MNR) and the Ontario 
Fisheries Regulations (MNR). The ~gricultural Code of 
Practice developed mutually by the Ontario Ministries 
of Agriculture and Food, Environment and Housing sets 
down guidelines to reduce air, soil and water pollution 
from agricultural sources and provide separation 
distances to reduce odour problems. 

The federal government also has some involvement 
relative to water management in the Grand river basin. 
For example, under the Canada Water Act administered 
by Environment Canada, a National Flood Damage 
Reduction Program was set up to encourage mapping 
of flood risk areas and discourage floodplain develop- 
ment. In Ontario, this program is administered by the 
Ministry of Natural Resources. 

Existing institutional arrangements provide an initial basis 
for governments and the Grand River Conservation 
Authority to carry out the preferred water management 
plan. However, the complexities of implementation are 
acknowledged and must be recognized for the successful 
implementation of the plan. 

The authority to implement various aspects of the prefer- 
red plan is divided among several agencies as outlined 
in Table 13.1. Each agency involved in implementing the 
plan has differing priorities with respect to carrying out 
its mandate as well as varying water management 
priorities. This i s  a direct result of the range of respon- 
sibilities allocated to i t  through legislation and the over- 
all funding available to carry out these responsibilities. 
Consequently, in implementing the preferred plan, 
several problems may arise. For example, agencies may 
be reluctant to allocate funds for water management pro- 
jects in view of their other priorities. This, in turn, may 
affect the timing of development for certain components 
of the plan. Differing priorities may also cause one agen- 
cy to consider all or part of the preferred plan for im- 
plementation, while another agency may want to con- 
sider an alternative plan for implementation. The poten- 
tial for conflicts between agencies is apparent. 

Other impediments to plan implementation may arise, 
particularly iorthose plan components which would be 
carried out by the private sector. For example, the 
responsibility for undertaking remedial measures for non- 
point source control would lie primarily with the in- 
dividual land owner. Monetary or other governmental 
incentives may be necessary to encourage the applica- 
tion of such measures. 

In view of the problems which may arise with respect 
to plan implementation, it is evident that co-operation 
and co-ordination among pertinent agencies are essen- 
tial for the successful implementation of the preferred 
plan. In order to achieve a comprehensive and co- 
ordinated approach, it i s  suggested that a co-ordinating 
body such as the Grand River Implementation Commit- 
tee be established to assist governments and agencies in 
the timely and efficient implementation of the various 
measures of the plan to meet the water management 
needs of the basin. 

Plan A4 will provide the strategy for guiding the im- 
plementation of basin water management by elected 
representatives, officials and citizens. Most structural pro- 
jects making up the plan will be reviewed under the En- 
vironmental Assessment Act. Non-structural components 
such as water conservation, rural land use practices to 
control non-point pollution and protection of the Mon- 
trose lands are not subject to the Environmental Assess- 
ment Act. 

In order to ensure that the selected plan offers the best 
water management strategy, the plan should be 
periodically reviewed and re-evaluated as future popula- 
tion and land use trends develop and new technology 
becomes available. Promising new measures should be 
investigated and incorporated in the plan. It i s  recom- 



Table 13.1 Principal Agencies Responsible for the Implementation of Water Management Alternatives 

Plan Component 

Pertinent Statute1 

Program 

Administering 

Agency 

Implementing 

Agency 

Financial 

Arrangements 

:LWD DAMAGE REDUCTION 

l o o d p l a i n  Regulation Conservation Authorities Act 

Planning Act 

Canada Water Act - Flood Dam-  
age Reduction Program 

M N R  

M A H  

invi ronment Canada 

and M N R  

M N R  

M N R  

CRCA 

Municipalit ies 

CRCA 

CRCA 

Grant for administering 55% 

M A H  planning r tudy  grants. 

Floodplain mapping 90% 

Provincial grant 55% J a m s  and Rerervotrr Conrervation Authorities Act 

Lakes and Rivers Improvement Act 

Municipal Act 
M A H  

M N R  

M A H  
3yklng and Channelzation Conrervation Authorit8ei Act 

Municioal Ac t  

CRCA 

Municioaiif ier 

Provincial grant 55%. 

Provincial grant 55% 

100% of co i t  assumed by prop- 
erty owner. 

' loodplain Arqu!sit ion Conservation Authorities Act 

Munrr ipai  Ac t  

Conrervation Authorities Act 

M N R  

M A H  

CRCA 

Munic ipalher 

GRCA +od Praoiing M N R  

+od Forecasting and 

*Yarning 

b r a 1  Land Ure  Practicer 

Conservation Authorities Act 

The Drainage Act 

The Tile Drainage Act 

M N R  GRCA Provincial wan t  55% 

O M A F  

OIMAF 

O M A F  

O M A F  

Provincial grant 33.113%. 

Secured l o m i  not to  exceed 75% 

o i  total cost of drainage works. 

M A H  plannlng r tudy grants. The Planning Act M A H  Municipalit ies 

WATER OUALIIY 

Provincial grant available to  

municlpalit ier up  to  15% of net 

capita1 cost. 

Design, Conitruction and 

Maintenance of STP, 

Ontario Water R e w u r t e i  Act 

Munic ipal  Act 

Public Utl l i t ier Act 

Regional Municipality of 
Waterloo Act 

M O E  

M A H  

M A H  

M A H  

M o t  

Munir ips l i t ies 

Municipaltt ier 

:egional Munic!palit\ 

of Waterloo 

Monitoring and Controll ing 

Contaminantr 

Ontario Water  Resources Act 

Environmental Protection Act 

Pesticides Act 

Fliherrei Act (Canada1 

Mun8cipal Act 

Regional Municipality o f  

Waterloo Ac t  

MOE 

MOE 

MOE 

M N R  

M A H  

M A H  

MOE 

MOE 

MOE 

M N R  

Municipalit ies 

k g i o n a l  Municipalit) 

01 Waterloo 

Fiow Regulation 

Rural Land Ure Practicer 

Conrervation Authorities Act 

Farm Productivity Incentive 

Program 

The Planning Ac t  

M N R  

O M A F  

CRCA 

O M A F  Provincial grant 40% up  to 

$3.000 per farmer. 

M A H  

WATER SUPPLY 

Dei ign,  Conrtruction and 

Maintenance of Water Works 

Ontario Water Rerourcei Act M O E  M O E  Provincial grant available to 

municipalit ies up to  15% of 

net capital costs. 

Public Uttlities Act 

Regional Mun icpa l i t y  o f  

Waterloo A d  

Local Improvement Ac t  

Ontario Water Reiourcei  Act 

P i t i  and Quarries Act 

Conservation Author i t ie i  Act 

M A H  

M A H  

Municipalit ies 

Zegianal Municipalit! 

of  Waterloo 

Municipalit ies 

MOE 

MNR 

M A H  

MOE 

MNR 
Water Abstraction 

Flow Regulation M N R  GRCA 

Small communi t ie i  may receive up to 75% of net capital co i t  



mended that the selected basin plan should be reviewed vary depending upon the given situation. In the past, the 
on an on-going basis and re-evaluated every five years. following cost-sharing arrangements among provincial 

and municipal governments have been used for the 
13.1 Who Pays For The Plan various components related to achieving the water 

management objectives addressed by the basin study 
Costs of water management capital projects are generally (Table 13.2). 
shared between the municipalities and the provincial and 
federal governments. These cost-sharing arrangements 

Table 13.2 Cost Sharing Arrangements for Implementing 
Water Management Plans 

I Components of Water I Implementing I Cost-Sharing 
Management Plans Agency Arrangements I 

1. Dyking and Channelization G RCA 45% Authority* (member 
municipalities); 55% 
Province 

2. Reservoir and Lands G RCA 45% Authority* (membet 
municipalities); 55% 
Province 

* The Grand River Conservation Authority i s  eligible for a supplementary grant based on the availability of provincial 
funds 

3. Sewage Treatment Plants 

4. Water Supply Projects 

Individual 
Municipality 

Individual 
Municipality 

85% Individual Municipality; 
15% Province 

85% Individual Municipality; 
15% Province 
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Technical Reports 

Technical reports have been published in limited numbers and are available from the Grand River Conservation Authority, 
Community Relations Division, Box 729, Cambridge, Ontario. Out of print copies are available irom the libraries 
listed in "List of Libraries Where Technical Reports Are Distributed" following "Technical Reports." 
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Report Print Title 
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11. Continuous Monitoring of Dissolved 
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11 a Continuous Monitoring of Dissolved 
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X 

X 

28a Storm Model Evaluation 

29. Mixing Zone Studies 
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Glossary 

ADVANCED SEWAGE TREATMENT - Any new treat- 
ment process beyond conventional activated sludge 
sewage treatment. Advanced treatment i s  designed to 
remove pollutants which are not adequately removed 
by conventional processes. The advanced in-plant treat- 
ment processes considered at Waterloo and Kitchener 
were: 

- nitrification to convert toxic ammonia to nitrates 

(which are relatively harmless at concentrations less 
than 10 mg/L) 

- dual media iiltration to remove organics, suspended 
solids and phosphorus 

- carbon adsorption to remove organics, suspended 
solids and toxic substances 

Two advanced treatment processes were considered at 
Guelph to provide additional phosphorus removal. The 
first process considered chemical treatment of the RBC 
effluent and modification o i  the existing filters. The 
second, more expensive process considered chemical 
treatment of the RBC effluent, followed by filtration in 
a new deep-bed multi-media filter installed before the 
existing filter. 

AQUIFER - A saturated permeable geologic unit thdt 
can transmit significant quantities of water under ordinary 
hydraulic gradients. 

ARTIFICIAL RECHARGE - A process of augmenting the 
natural infiltration of precipitation or surface water into 
underground formations by some method of construc- 
tion, spreading of water, or by artificially changing natural 
conditions. Recharge methods include water spreading, 
recharging through pits, excavations, wells and shafts. 
In this study, water for artificial recharge is furnished by 
surface water from a nearby watercourse. 

BIOCHEMICAL OXYGEN DEMAND (BOD) - The 
amount of oxygen required to decompose (oxidize) a 
given amount of organic compounds to simple, stable 
substances. The BOD value usually reported is the 
amount of oxygen consumed in milligrams per litre o i  
water over a period o i  5 days at 20°C under laboratory 
conditions. 

BIOTA - Species of all the plants and animals occur- 
ring within a certain area or region. 

BIOMASS - The weight of living material, usually ex- 
pressed as dry weight per unit area. 

CONVENTIONAL ACTIVATED SLUDGE SEWAGE 
TREATMENT (CONVENTIONAL OR SECONDARY 
TREATMENT) - A combination of physical and 
biological processes to remove organic matter from solu- 
tion. Raw wastes are first passed through protective 
coarse screens to remove large material. This is followed 
by grit settling where inorganic matter is precipitated out 
before the wastes are passed through a comminuter that 
shreds the remaining solids. Primary settling is  next where 
organic solids are collected and piped as raw sludge to 
the primary digestion tank. Liquid wastes drawn from the 
top o i  the primary settling tank are passed to the aera- 
tion tank where microorganisms oxidize the organic frac- 
tion of the waste. This oxidized waste is then held for 
a brief period in a final settling tank. The sludge settling 
at this point is  termed activated sludge and i s  pumped 
back to the inlet of the aeration tank. Clarified liquid 
decanting from the settling tank is  chlorinated before 
discharged to the nearest stream or river. Sludge col- 
lected in the digesters is held in a closed environment 
where anaerobic bacteria further oxidize it and is disposed 
of when fully digested. All plants in the Grand river basin 
employ chemical addition, in the iorm of metallic salts, 
for phosphorus removal (CAS-PI. 

COST-EFFECTIVENESS - The achievemcnt ofthe max- 
imum possible benefit for a given investment. 

DETRITUS - Unconsolidated sediments comprised of 
both inorganic and dead and decaying organic material. 

DISCHARGE AREA - That portion of the drainage 
basin in which the net saturated flow of ground water 
i s  directed towards the water table. The water table i s  
usually at or very near the surface. Ground water flows 
from recharge areas to discharge areas. 

DISCHARGE LAGOON (WASTE STABILIZATION 
PONDS) - A treatment facility which provides secon- 
dary treatment, usually for small municipalities and in- 
dustries. Wastewater is directed to a pond where 
biological processes remove organic matter from the 
solution. Effluent is  dicharged to a receiving watercourse 
either seasonally (ie. spring and fall) or annually (once 
a year). The sludge which settles to the bottom of the 
pond is collected and disposed of. 

DIURNAL - Occurring once a day, ie. with a variation 
period of one day; occurring in the daytime or during 
a day. 

DUAL-MEDIA FILTRATION (SAND FILTRATION) - 
See FILTRATION 



Glossary (cont.) 

EFFLUENT - The fluids discharged from domestic, in- 
dustrial and municipal waste collection systems or treat- 
ment facilities. 

ENVIRONMENTALLY SENSITIVE AREA - Those land- 
scapes of inherent biological sensitivity. The areas may 
contain: aquifer recharge iunctions; headwaters, signifi- 
cant wildlife breeding or overwintering habitats: vital 
ecological iunctions; rare or endangered species or other 
combinations o i  habitat and landform which could be 
valuable for scientific research or conservation 
education. 

EXTENDED AERATION SEWAGE TREATMENT PLANT 
- A treatment facility which provides secondary treat- 
ment and isgenerally used by small municipalities. This 
process is identical to the activated sludge process in its 
biological application, but has no primary settling and 
the solids contained in the wastewater are oxidized 
through an extended aeration period. The activated 
sludge that settles in the basin is either pumped from the 
bottom and hauled away or i s  passed through aerobic 
digesters and is disposed of either by spreading on 
iarmland, lagooning, or drying on sand beds. The eifluent 
is discharged to a receiving watercourse. 

FILTRATION - A physical-chemical process ior 
separating suspended and colloidal impurities from water 
by passage through a bed of granular material. It i s  used 
as an advanced wastewater treatment process to increase 
removal of suspended solids, turbidity, phosphorus, 
BOD, heavy metals, bacteria and other substances. 
Two types o i  filters referred to in this study are dual- 
media iilters and multi-media filters. Dual-media iilters 
consist of a layer of anthracite coal and a layer of fine 
sand. Multi-media filters often consist o i  layers o i  coal, 
sand and garnet. 

HYDRAULIC EXPANSION - An increase in the 
hydraulic capacity of a conventional sewage treatment 
plant to accommodate increases in sewage flow. 

I N D U C E D  INFILTRATION A process by which river 
water is induced to flow from the river into an adjacent 
aquifer through the pumping o i  wells in the aquifer. 

INFILLING - Refers to development in the flood fringe 
which occurs in the midst oiexistingdevelopment in an 
urban andlor municipally recognized community. This 
development may occur on small lots which are sur- 
rounded by existing development on at least two sides, 
as opposed to being lots which are set apart or are ex- 
tremities to existing development. 

INSTANTANEOUS STREAMFLOW - The observed 
streamflow at any given point in time. 

MACROPHYTE - The larger aquatic plants, as distinct 
from the microscopic plants, including aquatic mosses, 
liverworts and larger algae as well as vascular plants. 

MULTI-MEDIA FILTRATION - See FILTRATION 

NUTRIENTS - Organic and inorganic chemicals 
necessary for the growth and reproduction o i  organisms. 

RECHARGE AREA - That portion of the drainage basin 
in which the net saturated flow of ground water i s  
directed away irom the water table. The water table 
usually lies at some depth. Ground water ilows from 
recharge areas to discharge areas. 

REGIONAL STORM - As defined in section 4(g) of On- 
tario Regulation 356174. The Regional storm concept 
originated to provide protection irom the devastating 
flood damages and loss o i  liie that were experienced in 
1954 in Etobicoke with the occurrence of the tropical 
storm known as Hurricane Hazel. Similar damages and 
human suffering could be experienced in the Grand river 
basin i i similar rainiall conditions occurred there. Present- 
ly, the rainiall which iell over Etobicoke during Hurricane 
Hazel has been designated as the Regional Storm for cen- 
tral and south-western Ontario. It has been so designated 
on the basis of its occurrence as the largest flood- 
producing event afiecting this part of the Province that 
has been recorded in recent times. The severity of 
flooding resulting from a Regional Storm has in the past 
been predicted by two widely used methods; 

- the statistical analysis o i  existing streamflow records 
- the unit hydrograph method such asdeveloped by 

the United States Soil Conservation Services. 

Recent, more exacting floodline studies employ 
hydrologic computer modelling for simulating the in- 
teraction o i  hydraulic watershed parameters and much 
more reliable predictions o i  flood ilows are now 
available. The flows generated by any of the above 
methods are adjusted to reilect the available Mid- 
October storage capacity o i  the upstream ilood control 
reservoirs ior land use control purposes. 

For the purposes of applying standards for the design o i  
flood control works, the above methods are used with 
no consideration of the effects of the existing reservoir 
system. 

REGIONAL STORM FLOODLINE - A set of lines on 
either side of a river or stream showing the highest level 
which may be reached if a Regional Storm should oc- 
cur, assuming no reservoirs. 



Glossary (cont.) 

REGULATORY FLOODLINE - A set of lines on either 
side of a river or stream showing the highest level which 
may be reached if a Regional Storm should occur, assum- 
ing Mid-October conditions within the existing reservoir 
system 

Mid-October conditions reflect: 

i) the flood storage available in the existing flood con- 
trol reservoir system in Mid-October according to 
the policy of the Grand River Conservation 
Authority. 

ii) the use of the Regional Storm as the design criterion 
for the establishment of flood flows. 

The Regional Storm is a tropical storm or a hurricane and 
the mid-October meteorological conditions in this por- 
tion of the Province of Ontario establish a higher 
probability for occurrence of a hurricane in the early fall 
of the year at Mid-October than at any other time of year. 

NOTE: In an area where the channel section i s  upstream 
of flood control reservoirs the Regulatory Flood- 
line will be equal to the Regional Storm Flood- 
line. 

RELIABILITY INDEX (R) -The index number indicating 
the reliability that actual flows will not be lower than a 
given target flow or objective. It can be characterized 
in two different ways: 

a) occurrence-based reliability where: 

where m = the number of failure years 
n = the total number of years considered 

b) time-based reliability where: 

(I- 

where T = 

AT = 

AT) X 100% 

the length o i  the whole period of 
reservoir operation 
the duration of a single iailure period 

RETURN PERIOD - The average number of years within 
which a given streamflow will be equalled or exceeded. 
For example, a flood magnitude which has a probability 
o i  being equalled or exceeded once in fifty years i s  reier- 
red to as a 50-year flood. Over a long period of record 
of say, five hundred years, ten such floods would have 
occurred. Since the return period is the reciprocal ofthe 
annual probability of exceedence in any one year, there 
i s  a 2 percent probability that the 50-year flood will be 
equalled or exceeded. However, the probability of a 
50-year flood occurring in the next fiity years i s  approx- 
imately 65 percent. 

Similarly, the 100-year flood has a 1 percent probability 
of being equalled or exceeded in any given year and the 
probability of a 100-year ilood occurring in the next one 
hundred years is approximately 65 percent. 

ROTATING BIOLOGICAL CONTACTORS (RBCs) -An 
aerobic wastewater treatment process which converts 
ammonia and organic nitrogen to the more stable, less 
toxic inorganic form (ie. nitrate). In the RBC process, a 
population of microorganisms is grown and retained on 
the surface of a number of closely spaced discs. These 
discs, partially submerged in wastewater, are mounted 
on a common shaft which is rotated, alternatively expos- 
ing the microbial population to the wastewater and to 
the atmosphere. The fixed film of biomass on the discs, 
in the presence of oxygen (from air), continually oxidizes 
ammonia and organic nitrogen. New cellular matter is 
synthesized from the energy liberated by the oxidation 
reaction. When the attached mass of microorganisms on 
the discs reaches an excessive thickness, it i s  sloughed 
off the surface of the discs by the shearing force created 
by the rotation of the discs through the wastewater. 

SOURCE AREA - Areas which exhibit a high water table 
and which contribute to the base ilow of rivers and 
streams. 

50-YEAR FLOOD - See RETURN PERIOD 

100-YEAR F L O O D  - See RETURN PERIOD 



Conversion Factors 

The following list of equivalents of measures gives the relationships between the International System of Units (SI, 
metric) and English units. 

SI (metric) Units to English Units English Units to SI  (metric) Units 

Length 

1 km (kilometre) equals 0.62137 mile 
1 m (metre) equals 3.2808 feet 

Area 

1 ha (hectare) equals 2.4710 acres 
1 km' (square kilometre) equals 
0.38610 sq. mi (square mile) 

Gradient 

I mlkm (metre per kilometre) equals 
5.28 ftlmi (feet per mile) 

Velocity 

1 mls (metre per second) equals 
3.2808 ftlsec (feet per second) 

Volume Rate of Flow* 

I m'ls ( C U ~ I C  metre per second) 
equals 35.315 cis (cubic feet per second) 

1 m'ld (cubic metre per day) 
equals 0.0002199 mgd (million 
gallons per day) 

1 L/S (litre per second) equals 
13.1981 gpm (gallons per minute) 

1 Llcapita'd (litre per capita 
per day) equals 0.2199 gpcd 
(gallon per capita per day) 

1 mile equals 1.609 km (kilometres) 
1 foot equals 0.3048 m (mel.e) 

1 acre equals 0.40469 ha (hectare) 
1 sq. mi (square mile) equals 
2.5900 krn' (square kilometres) 

1 foot per mile equals 0.1893 mlkm 
(metre per kilometre) 

1 foot per second equals 0.3048 mls 
metre per second) 

1 cis (cubic foot per second) 
equals 0.02831 7 m31s (cubic metre per second) 

1 mgd (million gallons per day) 
equals 4546.09 m1ld (cubic metres 
per day) 

1 gpm (gallon per minute) equals 
0.075768 Lis (litre per second) 

1 gpcd (gallon per capita per day) 
equals 4.54609 L1capita.d (litres 
per capita per day) 

Volume 

1 mi equals 0.0008107 acre foot 1 acre foot equals 1233.482 mJ (cubic metres) 

Mass 

1 it) tonne equals 1.102 short 
tons (2,000 pounds) 

1 short ton (2,000 pounds) equals 
0.90718 (ti tonne 

* The term "gallon" refers to the Imperial (Canadian) gallon 



A. GRIC MEMBERS AND STUDY ORGANIZATION 
A . l  Members 

Present and former members of the Grand River Implementation Committee (GRIC) and their affiliated agencies are 
listed below. While GRlC was formed in 1972, only persons who were members since September 1977, the start 
of the basin study, have been listed. 

Grand River Implementation Committee 

Chairman D. N. Jeffs, 
Director, Water Resources Branch, 
Ministry of the Environment 

Vice- G. M. Coutts, 
Chairman General Manager, 

Grand River Conservation Authority 

Present 
Members P. Burns, Policy Advisor, 

Functions Policy Section, 
Local Government Organization 
Branch, 
Ministry of Municipal Affairs 
and Housing 

1, Johnston, 
Drainage Co-ordinator, 
Drainage Section, 
Foodland Development Branch, 
Ontario Ministry of 
Agriculture and Food 

I .  McFadden, 
Regional Conservation 
Authorities Program 
Supervisor, 
Central Region, 
Ministry of Natural Resources 

I. G. Simmonds, Manager, 
Municipal and Private 
Abatement, 
West Central Region, 
Ministry of the Environment 

Former 
Members N. Harris, represented 

Management Board of Cabinet 
Secretariat 

C. Lonero, Economist, 
Economic Development Branch, 
Ministry of Treasury and 
Economics 

J .  Darrell, Planning Co- 
ordinator, 
Office of the Assistant 
Deputy Minister of Community 
Planning, 
Ministry of Municipal 
Affairs and Housing 

T. M. Kurtz, 
Asst. Director Services, 
Conservation Authorities and 
Water Management Branch, 
Ministry of Natural 
Resources 

5. Salbach, Supervisor, 
Quality Protection Section, 
Water Resources Branch, 
Ministrv of the Environment 

A. F. Smith, Co-ordinator, 
Grand River Basin Water 
Management Study 

R. Hunter, Supervisor, 
Land Management and Program 
Evaluation, 
Conservation Authorities and 
Water Management Branch, 
Ministry of Natural Resources 



G. Pearce, 
West Central Region, 
Ministry of the Environment. 
now with Envirosearch Ltd. 

T. Spearin, Manager. 
Program Planning and 
Budgeting Group, 
Ministry of Industry and 
Tourism 

P. Wormwell, represented 
Management Koard of Cabinet 
Secretariat, 
now with Land and Waters Group, 
Ministry of Natural Resources 

F. Shaw, Deputy Regional 
Director, 
Central Region, 
Ministry of Natural Resources 

R. Stewart, Manager, 
Technical Support, 
West Central Region, 
Ministry of the Environment 

A.2 Study Organization 

The work of the basin study was guided by a steering 
and co-ordinating committee called the Grand River Im- 
plementation Committee (GRIC) made up of members 
from five participating ministries and agencies. Present 
member agencies o i  GRlC include: 

Ontario Ministry of Agriculture and Food 
Ontario Ministry of the Environment 
Ontario Ministry of Municipal Affairs and t 
Ontario Ministry of Natural Resources 
Grand River Conservation Authority 

The functions o i  GRlC involve: 

a) planning and directing the Grand River Basin 
Water Management study 

bj co-ordinating the implementation of the recom- 
mendations of the 1971 report, Review of Plan- 
ning for the Grand River Watershed 

c) providing a forum for the exchange of informa- 
tion among provincial and municipal represen- 
tatives and area residents. 

The technical work of the basin study was carried out 
by five sub-committees: 

a) Hydrologic Sub-Committee 
b) Water Quality Sub-committee 
C) Facilities and Operations Sub-committee 
d) Public Consultation SubCommittee 
el Water and Related Land Use Sub-Committee 

Members of these sub-committees were from agencies 
represented on GRlC and from local municipalities. 

The technical sub-committees' activities were, in turn, 
co-ordinated by the Grand River Basin Study Team who 

reported directly to GRIC. The basin study team was 
made up of the technical sub-committee chairmen plus 
one additional representative from the Ministry o i  the En- 
vironment and the Ministry of Natural Resources, a 
representative from the Ontario Ministry of Agriculture 
and Food and a representative irom the municipal water 
managers in the basin. 

In addition to the five main sub-committees, several ad- 
visory groups were formed to carry out more detailed 
investigation for the main sub-committee. The organiza- 
tion is illustrated in Figure A. l  and the members are listed 
in Appendix G. 

Two important advisory groups were the Public Involve- 
ment Program Advisory Group (PIPAL) and the four 
Public Consultation Working Groups, both of whom pro- 
vided advice to GRlC and the study team through the 
Public Consultation Sub-Committee. Basin residents with 
diverse backgrounds and interests served on these 
groups. 

The municipalities were kept informed of the study's pro- 
gress through the efforts of the municipal involvement 
group. This group, composed of GRlC members, ar- 
ranged several information meetings with the basin's 
municipal representatives. 

As a multi-agency committee, GRlC i s  responsible 
through the Ministry of the Environment directly to the 
Cabinet Committee on Resources Development. 
Throughout the study, GRlC has kept the committee in- 
formed by submitting progress reports and results of ba- 
sin study investigations. 
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Figure A. l  Organization of the Grand River Basin 
Water Management Study 


