












this point. Dry wealher fl ows on three occasions in 1992 by the City of Toronto detennined an 
average fl ow of 41 Lis. however, lhe data set is insuffici ent to use in the water balance. During the 
course of this study, water could be heard continuously flowing over the weir on dates when water 
level readings at the barge lookout site were coll ected. 

2.3 GENERAL LIMNOLO GY 

The limnology of Grenadier Pond has been studied and is described to varying degrees in Wainio er al. 
(1976) and Zimmennan et al. (1986). University of Toronto studies of pond characteristi cs have been 
undenaken since the late 1970s. 

The general morphometry of Grenadier Pond is described in Table 2.5 and depicted in Figure 2.2. The 
pond has a surface area of about 18.9 ha (21.1 ha including the shallow wetland areas at its northern 
end). It has a relatively shallow mean depth of 2.9 m (maximum depth of 6.5 m), giving the pond a 
total volume of 5.52 x �I�O �~� �m �~�.� 

�T�a�b�~� 2.5: Grenadier Pond Morphometry (from Zimmerl7Uln el aL, 1986) 

Variabl< Gre1UJdier Pond 

Area ........................................................................................ 18.9ha 
Vol ume ............................................................................. 5.52 x lOS m3 

Maximum Depth .................................................................... 6.5 m 
Mean Depth ........................................................................... 2.98 m 
Mean Depth I Max. Depth ....................................................... 0.4 
Perimeter ................................................ , ............................... 2.9 km 
Shoreline Dcvelopment.. ....................................................... 1.88 km 
Flushing Rate ....................................................................... 2.76/yr· 

• Gar/llu Lee calculations jndicali! lJj1ushing �r�Q�I�~� of 1.81023 limeJ pu �~�a�r�.� 

A water budget has been constructed for Grenadier Pond and is more fully described in Section 2.6. 

Based on volumes calculated by Garmer Lee Limited, the flow out of the pond is estimated to b:: 

about 986,000 �m�~�' �y�r �.� Based on several measurements at the pond outfall (City of Toronto, 1993), the 

average out fl ow from the pond was 1,260,000 m .... ' yr. These flows result in turnover rates within the 

pond of between 1.8 and 2.3 times per year. A turnover rate of 2.76 times per year has been previously 

estimated for the pond (Zimmenoan et al. , 1986). Grenadier Pond and Catfish Pond together represent 
about 8.5% of the catchment area which is high compared to typical southern Ontario basins. It 

results in an effective trap for sediment derived from inflow points and a large active storage volume 
resulting in relatively low water level fluctuations even during large stonos or snowmelt events. 
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2.4 WATER QUALITY 

Water quality within Grenadier Pond and from stonn outfalls to the pond has been described by 
Zimmerman et al. (1986) and the City of Toronto (1993). Additional information has been collected 

by Garmcr Lee Limited in 1993 and 1994. This additional water quality data was collected (at 0.5 m 

intervals) using a portable YS I model 58 dissolved oxygen meter mainly at sampling station SWI 
(Figure 2.2). The parameters recorded were temperature eC) and dissolved oxygen (mg!L). Limited 

shallow water sampling of these parameters were done at SW8. 

Gartner Lee water samples were collected using a Kemmer bottle al discreet depths (near-surface and 

ncar-bottom) at sampling stations SW I and SW9. On-site samples were placed in plastic jars and 
acidified with 1 mL of 30% H2 SO... These samples were submitted to Barringer Laboratories for 

analysis. Gartner Lee collected supplementary information on inputs and outputs. including some 

data on the quality of ground water discharging into the system. 

Water quality data are summarized in Tables 2.6 and 2.7. Laboratory results for Gartner Lee data are 
provided in Appendix B. 

2.4.1 Temperature and Dissolved Oxygen Levels 

Representative temperature and dissolved oxygen profLIes for Grenadier Pond are provided in Figures 

2.4 and 2.5; sampling station locations are indicated on Figure 2.2. These include profile information 

collected in the summer months by Zimmerman et al. (1986) in 1983. supplemented with infonnation 

collected in the fall. winter and spring (1993-1994) by Gartner Lee and the MOEE. These data 

indicate that the deepest portions of the pond (depths greater than 3 m sampled at SWl) shows some 

temperature stratification throughout the summer. As stratification prevents mixing of the bottom 

waters with aerated surface waters. the oxygen supply is soon used up by the bacteria working to 

decay plant matter resulting in lillie to no dissolved oxygen (hypoxic to anoxic conditions) in these 

boltom waters. As fish require oxygen. this portion of the pond becomes unavailable for their use 

throughout the period when summer oxygen concentrations are less than 5.0 mgfL. Wannwater fish 

are most active typically during the spring and summer. concurrent with spawning and continual 

fceding. At this time. the biological oxygen demand of the fish is at its highest as is the need for cool 

temperature refuges, nonnally associated with deeper water. During the fail. the pond destratifies, 

with mixing of water (and dissolved oxygen) occurring through the water column. It resuatifies under 

winter conditions, again resulting in the development of hypoxic to anoxic conditions at depths greater 

than 4 m when oxygen concentrations drop below 2.0 mg/L. Serious concern for fish survival in the 

winter is most pronounced when oxygen concentrations are less than 2.0 mg/L. The greater range of 
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Figure 2.4: Oxygen Profiles for Grenadier Pond 
1983 - 1994 
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Figure 2.5: Temperature Profiles for Grenadier Pond 
1983 - 1994 
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Table 2.6. Water Quality of Grenadier Pond - Nutrient and Routine Indicator Parameters 

A In-Pond 

Sampling Fe ToWP NH. NOJ N02 'JKN Tola! N 

Dale Stalion pH TIS (m"') (m>"-) (m>"-) (m>,,-) (m>,,-) (m>,,-) (m>,,-) 

1986· 'WI 7.9' 0.99 0.1186 0.27 <0.06 0.12 0.82 I 

1986· SW. 0.29 0.087 0.38 <0.02 0.01 0.86 1.04 

July23m·· 'WI .~ <I 0 .13 0.75 

July 23192" SW' 8 <I 0.23 2.01 

July23192u SWll 2 <I 0.14 0.48 

Aug 13/92·· 'WI , <I 0.38 O~ 

Aug 13/92" 'w, , <1 0.04 2.01 

Aug 13/92" SWJl • <1 0.36 0.48 

Sc:pI17192°° 'WI • <1 032 U. 
Sepl17m·· SW, 210 2 0.04 3.01 

Sc:pl17l92u SWll 7 <1 03> 2D1 

Oct 719300
• SWIAl • .84 26 0.09 018 0.08 0.D7 0.029 " 2~" 

Oct 7193··· SWI8l 8.44 \3.9 0.12 0.124 0.34 0.17 0.035 1.81 2.015 

Feb21194u • SWIA 7.7 0.04 0.087 0.7 0.65 0.024 1.41 2.084 

Feb21194"· SW18 7.' 0.165 0.22 1.62 0.84 0.24 " 3 .58 

Feb21!94 u • SW9A 7~ 0.04 0.086 0.7S 0.68 0.022 1.39 2.(192 

Feb21194··· SW98 7" 0.47 0 .156 1.36 1.73 0.104 2~ '334 

April28!94"· SWI 0.' 

April 28/94"· SW9 0.'" 

April28194"· SWll 0.093 

Aug5194· .. • SWIA <O.02<W 0.062 0.268 0.04 0.011 1.14 1.191 

Aug 5194···· SW1B· <O.02<W 0.' '.68 O.02<T 0.OO3<T 7.' 

Aug5194 .... SW' <O.02<W 0.06 03. 0.09 O.OIS 1.2 1.308 

Aug 5194'·" SW' <O.02<W 0.06 0.268 0.75 o.w 1.1 1.184 

AuS5194 .... SWll <o.02<W 0.06 0.26 0.04 0.01 1.26 131 

ProvineiaJ Waler 03 0.02' 0.02 

Quality Objectives 

I mean value (or pond. (or 1983 

1 A "'near surface ump1e; B2near bottom $&IIIple 

• no firm objective has been developed (or this parameter - 0.02 mgIL is a guideline to prevent nuisance algae conditions in lates 

• Zimmerman el aI. - Site A and 8 

• the e:lltcme values SUggesl region sampled was grealer th;m S metres and was likelyeontaminated hy [iocculenl sediment, IherelOre not 

representative of in-pond conditions 

.. Cityo(Toronlo 

••• Gamier u:e Limited 

• ••• Ministry of Environment and Eoergy 

TABlE2D.wkJI6-May-9593- 251 20 



Table 2.6. Continued. 

B. Pond Inlet 

Sampling Fe ToWP NHl-N N03 N02 'lXN 

Dale Station pH TIS (mg/L) (mo'L) (mo'L) (mo'L) (mo'L) (mo'L) 

Sept 3m- SW4 129 8 0.' 

Sept 3m· SW7 18 0.2 

Juty26/93· SW4 106 3 03 

AugM3· SW4 " 2 0.2 

OcI7/93·· SW2 8.76 183 0.1 0.13!5 0.1 0.18 0.025 1.94 

Oct 7/93-- SW3 7.' 6.' 0.63 0.06 0.26 4.22 0.03 0.39 

Oct 7/93·· SW4 8.09 <0.01 0.08 0.067 O.OS '.22 0.026 0.13 

Oct 7/93·· SW' 7.95 8.' 0.17 0.126 0'" 0.45 0.49 23 

Feb21194" SW3 7.79 1.02 0.124 0.25 3.76 0.066 0.7 

Feb21194" SW4 7.78 032 0.IS5 0.9] "3 0.11 1.74 

Feb2l!94·· SW' 7S3 0.48 036 1.76 0.94 0.12 4.1 

Feb 21194·· SW7 7.78 0 .74 0.079 021 2.96 0.024 0'1 

Provincial Water 0.3 0.02' 

Quality Objectives 

J no firm objective has been developed [QI" lhis parameter - 0.02 miVL is a guideline to prevent nuisance algae conditions in lakes 

• City or Toronto 

•• Garnter Lee Limited 

C. Pond Outlets and Groundwater 

Sampling 

Date Station 

Oct 7193 SW6 

Oct 7/93 GWI 

Oct 7/93 GW2 

Feb 21194 SW6 

SW-surfacc water samples 

GW- grOOndwatCl samples 

pH 

8.72 

7.93 

7.74 

7.67 

TADl...E2C.wklI6-May-9S93- 2S1 

Fe 

TIS (mo'L) 

29.9 0.1 

3.' 0.08 

<0.01 <0.01 

0.1 

ToWP NHl-N N03 N02 11(N 

(mo'L) (mo'L) (mo'L) (mo'L) (mo'L) 

0.2 0.04 O.OS 0.027 2.2 

0.008 <0.02 0.6' 0.002 0.06 

<0002 <0.02 13.6 0D08 0.08 

0.186 1.1)6 0'7 O.OS '-' 

21 

TowN 

( mo'L) 

2.145 

4.64 

5.376 

3.24 

4~26 

S38 

'.16 

3.494 

Tot.alN 

(mo'L) 

2.277 

3.12 
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Table 2.7. Waler Quality of Grenadier Pond - DOD, Melals and Fecal Colifam 

A. BOD and Melals 

s.mpli~ BOD M, N. 
0 .. , Sll tioa ImJ'L' ImJ'L 1m'" 

1986' 'W, 22 .7 ".., 
1986' ' WI ,2> t7U 

JuJy 23t92" ' W, 1.75 ,,, 176 

JuJy2ll'JZ" ' W9 23 " '" J,u;, 2YJ2"' SWII .. ,. , .. 
-;:-;:-26m" ' W. S7 • t3 

Au. 8192'" ' W. " 232 ... , 
AUII3/92" ' ' WI 13' ,., 167.,5 

AuS IJIIl2"' 'W. .. 21 ". 
AuII31!12" SWIt ••• 21 173 

Sep13l92" 'W. , • • 
Seo13l92" ,W? • • to 
SepI17,.,Z'· ' WI "" " 1713 

SepI17,.,Z" ' W9 ••• " 172 

~ 17,.,2" SWIl , .• " .11 
OcI7/93'" , WIA 

OcI7/93'" SW1B 

Peb:2l/9>1'" SWI A 

Feb:21194'" SW18 

Peb:21194'" 'W9A 

Peb:21J901' '' SW9B 

AuI5l9· .. .. , WIA 20.76 21t7 

AUJ5I94 .. .. SWI8 21 .. '" AuI 5l94 .... 'WI ,..64 2Il62! 

AuI 5l94·· .. ' W9 20.94 llt.31 

Au • .5/94 .. .. SWlI 20.94 21<2 

PrOl'ici.1 Wiler 

Qllllity Obieclivea 

• Zimlllermu el al . - A _ nellf surf..:e, Bznellf bonom 

.. aty ofTorOlilo 

... GUIIICI' Lee Umikd 

•••• MiDisit)' ofEnvironmeral and Eoeqy 

TABLE27 ....... k3 16- May-9S u -:m 

K Mo SO. Si0 3 

ImJ'L' 1m" " ,_, ImolL , .. 0.11. , .. 3.07 ,. 0.075 ,,. 2.73 , 0.1. 

3.97 0.' , ... 0.' 

• OA 

SA 0.' 
3.91 ". 
3.91 "" 3.97 0.()6 

• 0.' , 0.' ,., O.OS , .. 0 .. 

1.96 0.15 

3.787 0.013 'UI 
4.594 O.09S SUS 

3.677 0.0017 .... 
1.796 O.llOlll 60.94 

3.742 0= .. '" 

Cd <> '" p, Pb Z. HI N 

1m"'" ImJ'L Im.n., Im.n , ImolL' ImolL' ',oIL ImoiL' 
O.oom 0002 "'0' 0.l1li87 0.05 

O.oom 0002 0.014 0.'" "" 

- .., 
"" 0.' 02 0"' 

- OM ... - 0'" 0.03 

- om om - 0.' 0.02 

- 0.00' 0"' - 0.119 0 •• 

... 
0.12 

0." 

0.16 

0." 
0.47 

0.00' 0. ' 0.00' OJlllS- 0," 02 0.'" 

0"" 



Table 2.7. Continued. 

B. Fecal Coliform Levels 

INtEr 

Dale SW3 SW' SW' 

1986 0 

July 1/9200 "00 840 160 

July 16/92·· 2900 4100 100 

July 2J1'J2" 

JuJy24I92" 770 830 1100 

Aug 13/92·' 7800 H2O 740 

Sept 17,92" 33000 4100 700 

Provincial Waler Quality Objective: lOO(#(IOO ml) 

• Zimmerman el al . 1986 - Site A and B 

•• CityoCToronto 

TABl...E27B.wk316 - May-9j 93-251 

IN POND OUTIET 

SWI SW8 SW, SWII SW. 

20 3" 

100 

100 

32 28 76 

32 

1120 28 I. 1090 

82 8 800 3000 

23 



low-oxygen lOlerance in winter as compared to summer conditions relates to the dramatic decline in 

fish activity. However, oxygen is still required to maintain a base metabolism and minimal 

locomotion. Destratification occurs again in the early spring. Data collected on April 28, 1994 

indicates that the system had already restratified by this time with a decline in oxygen occurring below 

4.0m. 

The temperature stratification patterns exhibited in these data are typical of lakes that only mix twice 

per year (dimiclic) which arc common in temperate regions. Density differences between surficial and 

deeper waters become sufficient to prevent the mixing of these waters under both summer and winter 

conditions. However, as surface water temperatures decrease in the fall and increase in the spring. the 

difference in water density between the two layers is reduced to the point where wind-induced mixing 

can occur. There is some argument as to whether Grenadier Pond is auly dimictic. Based on the 

morphometry of the pond and temperature data, Niimberg (see Appendix A) has predicted that the 

system should only weakly stratify and may be susceptible to wind-induced mixing several times 

during the summer months and not just once in spring and again in the fall (Le., it is polymictic). This 

is supported by observations by Wainio et al. (1976) who found mixing did occur during one summer 

season. However, Zimmerman (1991) data suggests that the system undergoes weak stratification but 

that it typically remains stratified throughout the summer. Additional recent data collected by 

Zimmerman (pers. cemm.) further suggests that the pond is normally dimictic. Zimmerman has never 

observed polymixis within the system and suggests treatment options should consider the system as 

being dimictic. The amount of temperature data collected to date is insufficient to resolve the issue of 

polymictic vs. dimictic. Therefore future monitoring programs will need to incorporate temperature 

profiles as a key parameter to be measured. 

Figme 2.4 indicates that Grenadier Pond reaches a maximum summer temperature of 26°C. This 

temperature is typical of warmwater lakes. While temperatures remain near 18°C at the bottom. the 

low dissolved oxygen concentrations restrict the use of this area by fish. These conditions indicate 

that the pond is only suitable for warmwater fish species. 

2.4.2 Water Clarity 

Water clarity in Grenadier Pond is poor. Secchi disk depth measurements of Zimmerman et al. (1986) 

range between 4.0 and 0.8 m. The secchi disk depth approximates the depth to which 10% of incident 

light penetrates (Zimmerman et al., 1986). It provides an indication of the depth to which plants and 

algae can grow. Secchi disk depth is reduced by both suspended sediments and algae. Gartner Lee 

measurements of secchi disk depth at SWI (Figure 2.2) ranged from 0.5 m (October 7.1993) to 0.6 m 

(April28, 1994) to 0.9 m (September 23,1 994). 
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Data collected by me MOEE on August 5, 1994 measured a secchi depth of 1.6 m at SW1 (Figure 

2.2). The summer of 1994 was atypically dry. receiving less precipitation than an average year. Under 

these dry conditions, less surface runoff to the pond would be expected, directly reducing the amount 

of phosphorus reaching the pond as well as suspended sediments. In summary, the increased water 

clarity this past year is unlikely due to improved conditions within the watershed or pond but more to 

yearly climatic variation. However. data limitations require additional and more frequent monitoring 

of water quality to assess any improvements. 

2.4.3 Bacterial Levels 

Fecal coliform levels within Grenadier Pond are provided in Table 2.7. Fecal coliform organisms are 

not pathogens but an indicator of the presence of fecal matter from warm blooded animals. Their 

presence indicates a potential for the presence of pathogenic organisms. Elevated fecal coliform 

levels are associated with high nutrient loading and could signify another source of contamination that 

should not be ignored. Levels occasionally exceed 100 organisms per 100 mL within the pond, the 

limit established [or OOdy contact recreation (MOE, 1984). Levels of as high as 1,120 fecal 

coliform/l 00 mL hacl been observed within the pond but are typically between 20 and 300. Probable 

sources are pet feces contributed from storm water runoff and bird feces contributed by direct runoff 

and/or defe~ation directly into the pond. 

Levels of fecal coliform bacteria in the storm water inputs and surface water drainages entering the 

pond routinely exceed 100 organisms per 100 mL. Values of up to 4,000 fecal coliform/loo mL have 

been recorded in Wendigo Creek. The routinely high levels of fecal coliform in storm water indicates 

that this is a major source of bacterial contamination to the pond. The high levels suggest a potential 

for sanitary cross connections. 

The high levels of fecal coliform bacteria observed within Grenadier Pond restrict the use of the park 

for body contact recreation such as swimming or windsurf mg. but do not represent a concern for fish 

and wildlife. 

2.4.4 Nutrient Levels 

There is limited data on phosphorus concentrations in discharges to Grenadier Pond. For the purposes 

of this discussion. mere are three main discharges: the Clendenan Avenue sewer, which outlets 

Oendenan A venue and provides most of the flow within Wendigo Creek; the Valleymede Road sewer, 

a smaller sewer outleUing the north end of Grenadier Pond. and drainage from Catfish Pond. which is 

fed by storm sewers, direct runoff and ground water discharge to Catfish Pond. Based on two dry 
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weather samples collected by Garmer Lee Limited and average values seen in three wet weather 

events samples by the City of Toronto (Table 2.6b), the mean concentrations of phosphorus is 0.324 

mg/L in the Clendenan Avenue sewer. A mean phosphorus value of 0.140 mgfL was observed at the 

Valleymcde Road sewer (based on one dry weather sample and one wet weather sample). A mean 

phosphorus value of 0.243 mg/L was seen at the outlet of Catfish Pond in two dry weather samples 

collected. by Garmer Lee Limited. Under dry weather conditions, phosphorus concentrations within 

the Oendenan Avenue and Valleymede Road sewers were 0.11 and 0.079 mg/L respectively (Table 

2.6b) which were typically as low or lower than trends seen within Grenadier Pond (Garmer Lee 

results, Table 2.6a). However, phosphorus concentrations from these drainage areas are much higher 

during storm events (0.47 mg/L from Oendenan sewer and 0.20 mgIL from VaUeymede sewer), the 

periods during which most of the flow from these sources occurs (City of Toronto results, Table 2.6b). 

Phosphorus levels within the Catfish Pond drainage, under dry weather conditions, appear to be 

typically higher than levels within Grenadier Pond itself, which is consistent with previous 

observations of higher phosphorus levels in Catfish Pond than in Grenadier Pond (Zimmerman el al., 
1986). 

Total phosphorus concentrations within Grenadier Pond are provided in Table 2.6a. Total phosphorus 

concentrations within the pond range from 0.04 to 0.4 mg/L. Zimmerman el al. (1986) found the 

average concentration to be 0.086 mg/L. Results obtained by Garmer Lee Limited. the City of 

Toronto (1993) and the MOEE (1994) suggest that the average concentration is now 0.20 mg/L (mean 

value based on 22 samples ranging between 0.04 and 0.4 mg/L). These phosphorus concentrations put 

Grenadier Pond in the eutrophic (.03 to .1 mg/L ) to slightly hypercutrophic (xU mg/L) category 

(Zimmerman et al., 1986). 

Phosphorus concentrations averaged 0.19 mg/L in two samples collected at the pond outlet by Gartner 

Lee Limited on October 7,1993 and February 21, 1994 (Table 2.oc) while this is consistent with the 

average phosphorus levels observed in the pond in Ganner Lee Limited, City of Toronto and MOEE 

samples, it was higher than the average pond concentration of 0.14 mgIL observed on these two dates. 

This suggests that there could be some short circuiting of nutrients from CaLfish Pond drainage and 

possibly from birds congregating at the southern end of the pond to the pond outlet. The 

concentration of total phosphorus in the Catfish Pond drainage was fOWld by GLL to be 0.243 mg/L 

which is substantially higher than the in-pond values found. 

Very low concentrations of phosphorus were found in two ground water samples collected by Ganner 

Lee Limited. (Table 2.6c), with detectable levels (0.008 mg/L) found in only one of the two samples. 

Another trend in the phosphorus data appears when comparing near-surface and ncar-bottom samples 

at station SWI (Table 2.6a). Data collected in February 1994 and August 1994 indicate higher 

concentrations of phosphorus in the bottom waters as compared to the ncar-surface water. On both 
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