
( 3-30 

r iv) Most of the hydrometric stat ions within the NVCA have more than 14 
years of historical records. In order to make use of this data, it is 
our recommendations that the NVCA use the available data for flood re­
lated studies. The QUALHYMO Mode1 can be used to extend the record 
period at the various hydrometric stations for annual peak flows to 22 
years and pro-rate these flows to upstream locations within the tribu­

tary catchment. 

l 

L 
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Based on the experience gained in simulating annual peak flows with the 
QUALHYMO model and the demonstrated transportability of model parameters, 
this simulation approach can be used with confidence on ungauged catchments 
tributary to the lower Nottawasaga River and watersheds draining directly to 

Nottawasaga Bay. 

3.3 Design Flows 

Ir 
lJ 

3.3.1 General 

{ 

r 

In the preceeding sections of the report, the QUALHYMO Model was calibrated 
and validated for both summer and spring events. The Model was subsequently 
used to generate 22 years (1963-1984) of flows using hourly precipitation 
and temperature data. From computer printouts, annua1 instantaneous peak 
flows were selected for the 22 years of simulated record at each of the 
existing hydrometric stations . Flood frequency analyses on the annual ins­
tantaneous peak flows were subsequently undertaken as discussed in Section 

3.2 .5. 

\. 

The agreement between ~he observed and the simulated flood frequency curves 
with the same period of record is only marginal for most of the hydrometric 
stations. Possible explan~tion for differences between simulated and obser­
ved flow peaks are cited in Section 3.2.5 .5; nevertheless, the number of 
spring fl ow peaks of sma 11 to intermediate magnitude which were under­
estimated by the QUALHYMO model is the underlying reason for the discrepancy 



r. 
I 

[ 

r· 

f 
l 

r 
0 
C 
lJ 
[ 

r 
l 

3-31 

between the frequency curves. The input data was a 1 so subjected to non­
parametric testing and a number of low outliers were removed from the 
record; however, this did not alter the results of the frequency analysis. 

Discussions were held with the Project Committee to resolve the discrepancy 
and develop a methodology to establish design flows. The procedure approved 
by the Committee is discussed in Section 3.3.2. 

3.3.2 Present Watershed Flows 

3.3.2.1 Methodology 

The methodologies used to establish frequency based flows and to compute the 
Regional storm flows are discussed below. 

3.3.2.1.1 Frequency Based Flows 

From recommendations made in Section 3.2.5.5, Provincial Guidelines 
(Ref. 22) and direction given by the Project Committee, frequency based 
design flows (1 in 5, 1 in 10, 1 in 20, 1 in 50 and 1 in 100 year) computed 
from the existing flow record at each hydrometric station are to be used 
when the length of record is equal to or greater than 20 years (Table 3.15). 
For the length of record between 10 years and 20 years, single station 
analysis is substantiated through comparison with regional frequency 
analysis. This process leads to the selection of the regression and index 
flood regional analysis (Ref. 23, 24) for the Beeton Creek and Pine River 

gauge (Table 3.15) 

After frequency based flows were estimated at the existing hydrometric sta­
tions, these design flows are transferred to other watershed locations using 
the discretized QUALHYMO Model. Initially, it was considered using the 
ratio of simulated peak flows from QUALHYMO based on two historical high 
flow events. However, it was felt that the ratio would reflect the areal 
distribution of the selected historical events. In order to avoid this 
anomaly, it was felt more appropriate to select the point rainfall from a 
larger spring event that had only minimal snowmelt and to apply this 
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TABLE 3.15 

DESIGN FLOWS AT EXISTING HYDRCl4ETRIC STATIONS 

(All Flows in m3/s) 

Drainage Return Period (Years) 
Area 

Hydrometric Station (km2 ) Flood Frequency Method Selected 5 10 20 50 100 

Beeton Creek near Tottenham 95 Multiple Regression Analysis 19.5 23.7 28.1 34.0 38.5 

Bailey Creek near Beeton 207 Single Station Analysis (3 PLN) 1 39 49 59 73 84 

Boyne River at Earl Rowe Park 211 Single Station Analysis (3 PLN) 70 92 115 149 176 

Pine River near Everett 195 Index Flood Method 41. 7 50.7 59.1 70.3 79.0 

Mad River near Glencairn 295 Single Station Analysis (3 PLN) 75.0 92.0 109.0 131.0 149.0 

Nottawasaga River near Baxter 1180 Single Station Analysis (3 PLN) 179 221 264 323 370 

Willow Creek above Little Lake 95 Single Station Analysis (Wakeby 29.8 33.1 36.6 41.;J 45.1 
Distribution) 

1. 3 PLN - Three Parameter Lognormal Distribution 
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temporal distribution over the entire watershed which is tributary to the 
f gauge sites. The Shelburne precipitation data for the March 1974 event was 

used for this purpose.

l t 

The total amount and the temporal distribution of rainfall at Shelburne were 

i applied to each sub-catchment in the QUALHYMO model which is tributary to 

l 
the hydrometric gauges on Willow Creek, Boyne River, Bailey Creek, Beeton 
Creek, Pine River, Mad River and Nottawasaga River at Baxter. The peak 
flows at each sub-catchment out 1 et and at the hydrometric stat ions were 
computed with the March 1974 event recorded at Shelburne applied evenly over0 the Nottawasaga basin with the QUALHYMO model. The ratios of simulated peak 
flows (watershed location to gauge site) were used to transfer the 1 in 5 to

0 1 in 100 year flows from the gauges to the watershed locations. 

0 For example: ') 

0 1. Upper Nottawasaga River, location 60 (Figure 3.11) 

a) QUALHYMO March 1974 peak flow: Location 60: 27.26 m3/s[7 Nottawasaga River at Baxter : 

210.72 m3/sn 
l j 

b) Return period flows Nottawasaga River at Baxter from analysis of 
flow record: 1 in 5 Year: 179 m3/s (Table 3.15) 

1 in 100 Year: 370 m3/s 

c) Return period flows at Location 60 (Upper Nottawasaga River) 

i) 1 in 5 Year : 23.2 m3/s 
ii) 1 in 100 Year: 47.9 m3/s 

L 2. Boyne River, Location 350 (Figure 3.11) 

l 
l a) QUALHYMO March 1974 peak flow: Location 350: 20.62 m3/s 

Boyne River at Earl Rowe; 
34.93 m3/s 

L 
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b) Return period flo1,...-s Boyne River at Earl Rowe Park from singler 
station analysis of flow record: 

i) 1 in 5 Year: 70 m3/s {Table 3.15) 

l_, ii) 1 in 100 Year: 176 m3/s 

f c) Return period flows at Location 350 on Boyne River 

i) 1 in 5 Year: 41.3 m3/s 

ii) 1 in 100 Year: 103.9 m3/s[ 

The foregoing procedure was employed to compute frequency based f 1ows ofC watershed locations within the Willow Creek, Boyne River, Bailey Creek, 
Beeton Creek, Pine River, Mad River and Nottawasaga River at Baxter Water­

0 sheds. 

u 
f. Within the NVCA, there are several watercouses which flow directly into 

Georgian Bay or the Nottawasaga Riv.er below the Minesing Swamp. These 
catchments have not been gauged and therefore, no streamfl ow records are 
available. In order to estimate the frequency based flows it was necessary 
to simulate historical flows over 22 years using the QUAlHYMO Model and the 

meteorologic database.0 
l In the absence of streamflow data to calibrate/validate the QUALHYMO Model 

for these catchments, the same snowmelt parameters calibrated for Mad River
[ and Pine River basins were used. These parameters are: 

(_ SI = 127 mm (5 11 
) MFMAX = 0.005 

UADJ = 0. 0057 MFMIN = 0.0018 

[ 
As outlined in Section 3.2.5.3, some adjustments to MFMAX and MFMIN were 
required for the spring events of 1971, 1975, 1977, 1978 and 1982. Jo ber­

L consistent with the MFMAX and MFMIN used for Mad and Pine River catchments 
for the various years noted above, the same parameters were also used in u simulating the 22 years of streamflow data for the Georgian Bay catchments. 

[ 
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After 22 years of streamflow data were run with QUALHYMO, the annual maximum 
instantaneous peaks were abstracted. Flood frequency analyses (Wakeby dis­
tribution) were t~en conducted for various points a 1 ong the watercourses 
using the Environment Canada CFA88 program to obtain the 1 in 5 year to 1 in 

100 year flows. 

3.3.2.1.2 Regional Storm 

The Timmins Storm is the applicable Regional Storm for all drainage areas 
under the jurisdiction of the NVCA. This is the summer storm which produced 
193 mm of rain in a 12-hour period over Timmins on September 1, 1961. 

The calibrated/validated QUALHYMO Model was used to generate the Timmins 
Storm flows for all catchments. Rainfall was input in 1-hour intervals and 
the equivalent circular area method was used to make areal adjustment to the 
point rainfall. The equivalent circular area method accounts for the elon­
gation of a basin by using the longest length of the watershed as the dia­

meter. 

The Ministry of Natural Resources requires that for the Timmins Storm, AMC 
II (average conditions) be used to establish antecedent soil moisture condi­
tions on a watershed. However, since the QUALHYMO Model accounts for soil 
moisture conditions by the use of the API, it was felt that a more accurate 
indication of the soil moisture conditions prior to the Timmins Storm could 
be established. The daily rainfall recorded at the Timmins Airport for the 
months of July and August 1961 (prior to the Timmins Storm on September 1, 
1961) was obtained. The rainfall was transposed to the Nottawasaga River 
basin and the API computed using the QUALHYM0 Model. The API value estab­
lished prior to the Timmins Storm was 27.0 mm. Subsequently this value was 
used in QUALHYMO to simulate the Timmins Storm flows. 
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3.3.2.2 Documentation of Flows 

The design flows for the locations along the various watercourses are pre­
sented in Appendix G. The location of each flow point is shown in 

Figure 3.11. 

The QUALHYMO Model was used to compute the Regional Storm flows as outlined 
in Section 3.3.2.1.2. The peak flows at points of interest along the various 

watercourses are presented in Appendix G. 

3.3.2.3 Comparison with Previous Studies 

Several hydro 1 ogi c studies have been undertaken for various watercourses 
(Fig. 1.1) within the NVCA. A brief description of these studies is pre­
sented in Appendix A. To ensure consistency in design flows and to obtain 
confidence in the results obtained, the design flows developed in this 
study were compared with those from previous studies. A comparison of the 
design flows for the 1 in 100 year event and Regional Storm is presented in 

Table 3.16. 

At most locations the 1 in 100 year and Regional Storm peak flows are in 
close agreement; however, discrepancies are apparent on the Sheldon Creek, 
the Nottawa saga River at Hock 1 ey. Truax Creek. Beeton Creek at Beeton and 
Innisfil Creek east of Cookstown. For the above-noted flow points, the 
peak flows established in previous studies are higher than the Maclaren 
study, except for Truax Creek. The flows on Sheldon Creek at Sheldon and 
the Nottawasaga River at Hockley appear excessively large. However it is 
emphasized that the hydrologic models applied in the present Maclaren 
Plansearch study were calibrated while earlier investigations did not per­
form this exercise. Therefore the design flows ~eveloped in this study are 
more accurate than those developed in earlier studies . 
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