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Abstract Resume 
Flood frequency analyses for southern Ontario rivers 

have been performed using five theoretical frequency 
distributions: the extreme value type I or Gumbel, 
Pearson type III, log-Pearson type III, log-normal and the 
three-parameter log-normal. A total of 129 gauging 
stations with 10 to 58 years of recorded maximum mean 
daily flows have been used. The Fuller formula, and a 
modification of the formula, have been found applicable 
for the estimation of the average and maximum ratios of 
the instantaneous peak flow to the mean daily flow. 

A regional flood frequency analysis has been carried 
out. Southern Ontario has been divided into nine 
hydrologic regions with roughly similar soils and physio
graphic characteristics. For each region, a graphical 
relationship between the mean annual flood and drainage 
areas was determined. The use of the ratio of the mean 
annual flood to mean annual runoff was investigated to 
determine if an additional parameter, mean annual 
runoff, had an effect on the mean annual flood in the 
study area. 

Dimensionless frequency curves based on the three-
parameter log-normal distribution were derived for each 
region, giving the ratio of flood estimate to the mean 
annual flood for selected probabilities. 

Les analyses de frequence des crues des rivieres du 
sud de rOntario sont fondees sur cinq distributions de 
frequences theoriques: valeurs extremes de type I ou 
valeurs de Gumbel, type III de Pearson, type III logarith-
mique de Pearson, log-normale et log-normale a trois 
parametres. Les moyennes maximales de debit quotidien 
viennent de 129 stations dont les observations portent 
sur une periode de 10 a 58 ans. La formule Fuller et une 
version tnodifiee de cette formule ont servi a evaluer les 
rapports, moyen et maximum, entre le debit de pointe et 
la moyenne du debit quotidien. 

Pour analyser la frequence des crues par region, le 
sud de I'Ontario a ete divise en neuf regions hydro-
logiques dont les caracteristiques pedologiques et mor-
phologiques sont a peu pres semblables. Un graphique a 
permis d'etablir le rapport entre la crue annuelle 
moyenne et les zones de drainage de chaque region. Le 
rapport entre la crue annuelle moyenne et lecoulement 
annuel moyen a fait I'objet d u n e etude servant a 
determiner si un autre parametre, soit I'ecoulement 
annuel moyen, influe sur la crue annuelle moyenne du 
secteur etudie. 

Des courbes de frequence sans dimension, fondees 
sur la distribution log-normale a trois parametres, ont ete 
etablies pour chaque region, ce qui donne le rapport entre 
les crues prevues et la crue annuelle moyenne, selon les 
degres de probabilite choisis. 
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CHAPTER 1 

Introduction 

OBJECTIVES OF THE STUDY 

One of tfie most important problems in hydrology is 
the estimation of design floods for water resource projects 
such as dams, levees, bridges, culverts, storm sewers, 
etc. Flood estimates are also required for nonstructural 
measures of flood control such as flood risk-mapping and 
zoning regulations. 

The present study was undertaken with the following 
two principal objectives: (1) to perform a flood frequency 
analysis of streams in southern Ontario, and (2) to 
delineate hydrologic regions and carry out a regional flood 
frequency analysis. 

Data from 173 gauging stations were used in the 
study. Individual frequency curves were drawn for 129 
stations having records of 10 years or more as of 
December 1 971. Data from the remaining stations were 
of shorter duration and were used for other purposes, as 
discussed later in the report. 

THE STUDY AREA 

Southern Ontario lies approximately between the 
latitudes of 42° and 46°N and the longitudes of 74° and 
8 3 ° W and covers an area of more than 50 000 square 
miles. It is the industrial heart of Canada. The climate of 
the region differs appreciably from one location to 
another. These local variations are caused by topography, 
the proximity of the lakes, and the prevailing winds. A 
brief description of these controlling factors and tempera
ture and precipitation characteristics of the region, 
primarily based on Brown etal. (1 968), is as follows. 

PHYSIOGRAPHY 

Southern Ontario is bounded by the Great Lakes on 
the south, west and northwest, and the Ottawa and 
St. Lawrence rivers on the east. This is an area of modest 
relief. A topographic map of the region is shown on 
Figure 1. The lowest land along the Ottawa River is 
barely 1 50 ft above sea level, while the highest points on 

the Blue Mountain south of Collingwood just fail to reach 
1800 ft above sea level. From the level plains bordering 
lakes Erie and Huron, there is a gradual rise in elevation in 
a general northeasterly direction to the Dundalk Uplands. 
The Oak Ridges Moraine, composed of sands and gravels 
in the form of a great ridge stretches from the Niagara 
Escarpment to Trenton, through the south-central 
section. The steep south-facing slopes of the moraine 
descend to Lake Ontario, whereas the gentle north -facing 
slopes fall off to the Simcoe and Kawartha Lakes region. 
Still further to the north lie the Algonquin Park Uplands. 
These are part of the Canadian Shield and consist of many 
rock outcrops, which present a very high relief. From 
these uplands there is a drop in the elevation to Lake 
Nipissing and the Ottawa River on the north and the 
northeast, to the St. Lawrence - Ottawa lowland on the 
east, the Kawartha Lakes on the south, and to Georgian 
Bay on the west. 

The Niagara Escarpment deserves special attention 
because of its influence on the climate of the contiguous 
regions. The escarpment extends from Queenston, where 
it is a 300-ft bluff, along the south shore of Lake Ontario 
through Hamilton and northward to Collingwood on 
Georgian Bay, where it is nearly 1000 ft high. Except for 
two large reentrant valleys, the Beaver and the Bighead, 
it continues near the south shore of Georgian Bay, 
through the Bruce Peninsula, and Manitoulin Islands. 

Southern Ontario is a glaciated region. In four 
successive cold periods of the Pleistocene, vast masses of 
ice moved across it, scouring the bedrock, breaking and 
pulverizing the dislodged pieces, overriding and mould
ing the resultant debris. The Paleozoic limestones, 
sandstones, and shales were fairly easily eroded and, 
except in a few well-known marginal areas, the deep 
overburden stands in striking contrast to the scanty, 
discontinuous, sandy mantle on the harder rocks of the 
Canadian Shield. The depth of the overburden, the gentle 
slopes, and the high content of limestones and clay are 
responsible for the development of some highly produc
tive and durable soils. 

The distribution pattern of local landforms is highly 
complex. Chapman and Putnam (1 966) have divided the 
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Figure 1. Topographic map of southern Ontario. 



area, exclusive of the Canadian Shield, into 52 minor 
physiographic regions. This landform complexity has a 
direct influence on the climatic and hydrologic charac
teristics of the region (Packer, 1 964). 

EFFECT OF THE GREAT LAKES 

Lakes are an excellent source of atmospheric moisture 
and they also add or take away vast amounts of heat from 
the air which crosses them. As a consequence, areas to 
the lee of the lakes experience significantly more cloud 
and precipitation, and have more moderate temperatures 
than are found elsewhere. The prevailing winds cross 
Lake Huron before reaching southern Ontario and, 
therefore, this lake has the greatest influence on the 
climate. The influence of lakes Erie and Ontario is also 
marked on the Niagara fruit belt in winter. 

The effect of a lake on air temperature is most 
noticeable in the coastal areas immediately to the lee of 
the lake. These areas are influenced by local land-lake 
breezes and have diurnal and seasonal temperature 
regimes which are closely allied to the lake temperature 

regimes. 

WIND 

Wind speed and direction are observed and recorded 
at many weather stations across southern Ontario. These 
measurements are usually made at 33 ft above an open 
grass surface. The prevailing winds in the region are from 
west, northwest, and southwest directions over 50% of 
the time, the southwest winds predominating. Winds are 
lightest in summer and average about 8 mi/hr. In winter 
they are strongest and average about 12 mi/hr in the 
region. 

TEMPERATURE 

Temperature is an extremely important climatic 
parameter. Figure 2 shows the mean annual temperature 
for southern Ontario. It varies from 39°F (3.9°C) in the 
Algonquin Park region to 49°F (9.5°C) in the Leamington 
region. The mean daily temperatures for January, April, 
July and October are shown on Figures 3 to 6. These four 
months are representative of the four seasons and are 
good indicators of temperature throughout the year. 
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Figure 4. Mean daily temperature (°F) for April. 



Figure 6. Mean daily temperalure (°F) tor October. 



PRECIPITATION 

Precipitation in the region occurs both in rain and 
snow forms. For obtaining the water equivalent, the 
freshly fallen snow is assumed to have a density of 0.1 g / 
cm^. The mean annual precipitation for the region is 
shown on Figure 7a. It ranges from 26 to 40 in. (660 to 
1016 mm). This variation is closely related to the slope 
and elevation of the land, location of the Great Lakes, and 
prevailing wind direction. The highest values are found at 
elevations 1 200 to 1 400 ft on the slopes east of Lake 
Huron and Georgian Bay, which receive about 40 in. of 
precipitation. These areas are exposed to prevailing 
westerly winds arriving off Lake Huron. The driest areas 
are found to the southwest of Pembroke (Killaloe, 26 in.) 
and to the southwest of Toronto (28 in.) (71 1 mm). The 
prevailing winds in these latter areas are subsiding, 
having first crossed the height of land. These areas are 
the so-called "rain shadows". 

The mean annual snowfall ranges from over 1 10 in. 
(279 cm) in the Huron, Georgian Bay, and Muskoka 
regions to less than 48 in. (1 22 cm) near Hamilton and to 
about 35 in. (89 cm) in the Kent-Essex region (Fig. 7b). 
Although much of the snowfall is caused by frontal 
storms, a large percentage of that falling in the Dundalk, 
Huron, and Muskoka regions results from the exposure of 
these areas to winds off Lake Huron. Snowfall accounts 
for about 30% of the total precipitation in these areas 
compared with about 1 5% in the Leamington region. 

EVAPORATION AND EVAPOTRANSPIRATION 

The process of evaporation in nature is one of the 
fundamental components of the hydrologic cycle on our 
globe, being the only form of moisture transfer from land 
and oceans into the atmosphere. It is also a most 
important factor in the heat exchange of the earth's 
surface, because a considerable amount of energy is 
expended in the conversion of water into the vaporous 
state. 

The direct measurement of evaporation is difficult. 
Consequently, measurement has been restricted to the 

use of instruments, such as class A pans, lysimeters, 
atmometers, etc. Mean annual class A pan evaporation 
for southern Ontario has been mapped by Sangal 
(1 972). The maximum of 44 in. (1118 mm) is given for 
the area south of Lake St. Clair. Pan evaporation around 
London is 40 in. (1016 mm), decreasing to approx
imately 37 in. (940 mm) on the Dundalk Upland, The 
range for the midportion of the study area from the Lake 
Huron coast to the Ottawa River is 37 to 39 in. (940 to 
991 mm). A minimum of 34 in. (864 mm) was noted in 
the Algonquin Upland. The mean May to October class A 
pan evaporation varies from 37 in. (940 mm) in the Pelee 
area to 33 in. (838 mm) on the Dundalk Upland, and 
from 35 in. (889 mm) along Lake Ontario to 
31 in.(787 mm) in Algonquin Park. Sangal (1972) has 
also estimated the mean annual evaporation for shallow 
lakes and ponds at approximately 39 in. (991 mm) in 
the Essex and Kent counties area, in the range of 33 to 
35 in. (838 to 889 mm) from Lake Huron to the 
St. Lawrence Lowlands and approximately 30 in. 
(762 mm) in the northeast around the Petawawa area. 

Actual evapotranspiration is considered to be the 
evaporation from all water, soil, snow, ice and other 
surfaces plus the transpiration from plants. When the 
moisture input is unlimited, the process is called "poten
tial evapotranspiration". Generally, an unlimited supply 
of soil moisture is available only during limited periods of 
time; at other times the rate of evaporative consumption 
is less than the potential. Annual potential evapotranspi
ration (Fig. 8) has been estimated according to the 
method of Budyko by Packer and Sangal (1971). It 
ranges from about 27 in. (686 mm) in the area near the 
Ottawa River north of Pembroke to 30 in. (762 mm) in 
the Trent-Severn basin and 29 in. (737 mm) on the 
Dundalk Upland. A maximum is reached in the Lake 
St. Clair area of 34 in. (864 mm). The method of 
Budyko was also used for estimates of mean annual actual 
evapotranspiration. The lowest values were calculated for 
the northeast around the Petawawa area and were about 
18 in, (457 mm). In most of the remainder of the study 
area, the estimated actual evapotranspiration is 20 to 
22 in. (508 to 558 mm). A maximum of 24 in. 
(610 mm) was calculated for the area around London. 
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Figure 7a. Mean annual precipitation (in.). 



Figure 7b. Mean annual snowfall (in.). 





CHAPTER 2 

Single Station Analyses 

Five theoretical frequency distributions have been 
fitted to the annual series of maximum mean daily flows. 
The distributions used are the Gumbel or extreme value 
type I, Pearson type III, log-Pearson type III, log-normal 
and the three-parameter log-normal. 

For flood frequency analysis, the instantaneous peak 
discharge data are more desirable. However, such data 
were limited and did not warrant analysis. Therefore, the 
relationship of the instantaneous peak to the mean daily 
discharge was investigated for unregulated stations with 
5 or more years of data. These relationships have been 
presented herein. 

The five distributions used were chosen because they 
are the most common in hydrologic frequency analysis. It 
is well known that no one distribution has evolved as the 
best for hydrologic frequency analysis. At times, the 
choice of distribution is based on personal bias or ease of 
computation. The three-parameter log-normal estimates 
are presented on the frequency plots. This does not imply 
that this distribution is superior to others. However, it is a 
general skew distribution, the reduced variate plots as a 
straight line on log-normal probability paper and its 
applicability for frequency analysis has been established 
(Sangal and Biswas, 1 970). 

Perhaps the most widely used distribution has been 
the extreme value type I. Gumbel (1941) attempted to 
give theoretical justification for its use as a flood fre
quency distribution. This distribution has been used by 
government agencies in Canada and the United States 
(Durrant and Blackwell, 1959; Collier and Nix, 1967; 
Coulson, 1967a; Dalrymple, 1960; Benson 1962b and 
1964). 

The two-parameter log-normal distribution has also 
been used in flood frequency analysis (Kuiper, 1957; 
Spence, 1973). Chow (1954) made a comprehensive 
study of this distribution and theoretically derived its 
parameters. Recently, the log-Pearson type III has been 
recommended as a base method for flood frequency 
analysis for U.S. federal agencies. 

BASIC DATA 

The source of the basic data used in this study is the 
published records of streamflow data collected by the 
Water Survey of Canada, its predecessors and its 
cooperating agencies up to December 31, 1971. All 
streamflow gauging stations in the study area, active or 
discontinued, with a record length of 10 or more years 
have been analyzed. These stations are identified on 
Figure 9. Both regulated and unregulated stations have 
been analyzed and their condition noted in the analyses. 
The effect of regulation on the flood frequency regime 
depends on the flood storage capacity and mode of 
operation of the particular structure. In many cases, the 
storage capacity is relatively small and the structure is 
ungated or the gates are left open during floods. On the 
basis of the authors' personal knowledge and judgement 
of the streams in the study area, an attempt has been 
made to classify the station data according to their 
suitability for flood frequency analysis. The basic criteria 
were length of record and degree of regulation. A minor 
factor, considered in the case of discontinued stations, 
was the length of time since the station was discontinued. 
All records were placed into one of three categories. A, B 
or C. The advice of the Conservation Authorities Branch, 
Ontario Ministry of Natural Resources (personal commu
nication, 1 974) was invaluable for this classification. The 
gauge records most suitable for flood frequency analysis 
were placed in category A, the least suitable placed in 
category C, and the remainder in category B. This 
classification is no reflection on the accuracy of the basic 
data used. 

Category A includes the stations with 30 or more 
years of record, with minor or no regulation. Category B 
includes the stations with 10 or more, but less than 30 
years of record, and, again, having negligible regulation. 
The gauge records for streams considered affected by 
artificial regulation are in category C. The categories are 
noted in the listing of station data in Appendix I. 

Flood Listing 

For each station, and for each calendar year of record, 
the maximum mean daily flows were extracted. Most 
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floods in southern Ontario have a snowmelt component, 
i.e., are spring floods. Other causes of floods include rain' 
on frozen ground, ice jams, thunderstorms and hurri
canes. 

The monthly percentage distribution of floods in 
southern Ontario is given in Table 1. 

Table 1. Monthly Percentage Distribution of Floods in Southern 
Ontario 

Jan Feb Mar Apr May Jun Jul .'\ug Sep Oct Nov Dec 

2.0 8.2 27.4 43.3 8.8 0.7 1.0 0.4 0.2 1.4 1.2 5.4 

The parameters used in this study have been esti
mated using the following equations. 

Mean 

X = - S (2) 

where n is the sample size and x,, X 2 , x„ are sample 
elements of annual series of maximum mean daily flows. 

Standard deviation 

For analysis, the most recent and longest unbroken 
period of record was selected. A flood value from a partial 
year of record was accepted, if, by comparison with a 
nearby station with a complete record for the year, it 
could be concluded that the spring flood had been 
recorded. In the past, many streams were gauged only 
during the snowmelt period. 

The records of two stations, 02LA002 and 02LA004, 
both entitled Rideau River at Ottawa, were combined. 
The drainage area for 02LA004 is only 10 mi^ less than 
the drainage area of 02LA002. The drainage area for the 
latter is listed as 1490mi^. 

A few missing values were filled in by graphical 
correlation with a nearby gauged stream of approximately 
the same size drainage area. These estimated values have 
been used in the analysis and plotted. They are denoted 
by an asterisk in the data listing in Appendix I. 

The data were ranked in descending order and plotted 
on log-normal probability paper. The probability, p, for 
each item was computed as 

p = m/(n + 1) (1) 

where p is the cumulative probability, m is the order 
number in a ranked descending series, and n is the total 
number of events. Conversely, the recurrence interval, T, 
expressed in years, is 1 /p . 

M E T H O D S OF ANALYSIS 

Sy = 
S ( X i - _ ^ 

" n - 1 
(3) 

Coefficient of skew 

(n- l)(n- 2) 
(4) 

The above equations are extended to logarithmic distri
butions by substituting log x̂  or log (x, - a) for X;, where 
"a" is a parameter of the three-parameter log-normal 
distribution. 

All of these distributions and the methods of applying 
them have been described in various texts and publica
tions and are not presented here. More detailed descrip
tions are given by Yevjevich (1972), Chow (1964), 
Beard (1 962), and others. However, a few specific points 
of application will be mentioned. 

The parameters of the Gumbel distribution were 
obtained by the method of maximum likelihood 
(Panchang, 1967). For the Pearson type III and log-
Pearson type III distributions, the skewness was com
puted by Equation 4 and no adjustment for the length of 
record was made. The Pearson type III coordinates were 
calculated using the approximate formula given by Beard 
(1965): 

gx 
6 

(5) 

The annual flood series were analyzed using five 
theoretical frequency distributions: (1) Gumbel, (2) 
Pearson type III, (3) log-Pearson type III, (4) log-normal 
and (5) three-parameter log-normal. 

where Kp is the Pearson type III coordinate, g^ is 
the coefficient of skewness of the sample data, and t 
is the standard normal deviate at the required level of 
probability. 
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The log-Pearson III distribution has been recom
mended by the U.S. Water Resources Council as a base 
method for flood frequency analysis for federal agencies. 
The computations for this distribution were used as 
described by Benson (1 968) except that the log-Pearson 
type III coordinates were calculated by Equation 5 and g,, 
was replaced by the coefficient of skewness of the 
logarithms. 

The application and suitability for frequency analysis 
of the three-parameter log-normal distribution has been 
discussed by Sangal and Biswas (1970). The parameter 
a may be calculated by moments, but requires the use of 
skew coefficient with its associated large sampling error. 
A simpler solution, developed by Sangal and Biswas, 
gives 

a = /.- |sV2(x- z)] (6) 

a = X - [Sx/V(x - a)] (8) 

where the symbols are as defined previously. An approx
imate but fairly accurate solution for v,, . 3, has been 
developed by Sangal (unpublished), 

V(x - a) = (- 9 + >/8r7T2g7)/2g,, for g , > 0. (9) 

This equation can be used for all values of g, usually 
encountered in hydrologic studies. 

Alternatively, the method of maximum likelihood 
may be used to estimate the parameter a. The 
maximum likelihood estimator for "a" in terms of sample 
parameters can be derived in the form given by Yevjevich 
(1972) as 

where z, x and s^ are the median, mean and variance of 
the untransformed sample data. The median is calculated 
in a computer routine that averages, to the nearest whole 
number of elements, the middle fifth of the ranked 
sample. This procedure was chosen because of the large 
number of stations to process. For a number of sample 
stations, the data were plotted in the 40% to 60% 
probability interval on arithmetic paper to a large scale, a 
smooth curve was drawn, and the median was read off at 
the 50% probability level. The differences obtained for 
the value of the median were relatively minor and 
therefore the use of the computer routine for estimation of 
the median was considered adequate. Equation 6 is 
sensitive to the condition of the median being very close 
to the mean. For such cases, the median was taken to be 
equal to 99% of the mean and the three-parameter log-
normal distribution was fitted. 

— S ln(x| - a) 
" i = 1 

" ln(xi - a) 

I n 2 ( x i - a ) 

2 n 
- i 2 l n ( x i - a ) 

n i = I 

i = 1 Xj - a 
(10) 

During this study, a computer program was devel
oped (Condie and Kallio, 1975) to solve Equation 10 
numerically and compute the frequency regime with the 
use of the general frequency equation. An optional 
plotting routine was also incorporated. 

Other methods for the estimation of the parameter a 
can be used when difficulty in fitting the distribution is 
encountered with the aforementioned "median" 
method. The relation between the coefficient of skewness 
of the X series and the coefficient of variation of the (x - a) 
series can be expressed as 

gx = 3V(x - a) + V(x _ a ) ' (7 ) 

where g„ is the skewness of the natural data and v,̂  . 3, is 
the coefficient of variation of the (x - a) series. With g^ 
known. Equation 7 can be solved for v,, . 3, by trial and 
error, or numerical computing procedures. The parameter 
a is then calculated by the following equation 

Examples using the three basic methods of calculating 
the parameter a and the resulting frequency estimates are 
given in Tables 2 and 3. The method of Sangal and 
Biswas (1970) has been termed the "median" method, 
and the use of Equations 8 and 9, the "moment" 
method; M.L. denotes the method of maximum likeli
hood. The first example is the station 02HB001, Credit 
River near Cataract (Table 2). 

The second example is the station 02HC003, 
Humber River at Weston. An exceedingly large flood that 
occurred in October 1 954 as a result of Hurricane Hazel 
has biased the analysis and caused some difficulty in 
fitting the distributions. A comparison of the results of the 
three methods for fitting the three-parameter log-normal 
distribution to these station data is contained in Table 3. 
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Table 2. Comparison of Three Methods of Fitting the Three-
parameter Log-normal Distribution to the Data for 
Station 02HB001, Credit River near Cataract 

Metliod 

Median Moment M.L. 

Parameter a -198 -190 -155 

Skew cocl't', of 
log (X - a) scries 0,114 0.102 0.039 

Return period 
(years) Frequency estimates, el's 

2 715 714 711 
5 1091 1091 1091 

10 1346 1347 1351 
20 1593 1595 1607 
50 1920 1924 1947 

ICQ 2169 2176 2209 
1 000 3039 3054 3131 

10 000 3992 4019 4158 

Table 3. Comparison of Three Methods of Fitting the Three-
parameter Log-normal Distribution to the Data for 
Station 02HC003, Humber River at Weston 

Method 

Median Moment M.L. 

Parameter a -8330 -1002 196 
Skew cocff. of 
log (x - a) series 2.745 1.185 0.222 

Return period 
(years) Frequency estimates, cfs 

2 4 073 3 624 3 363 
5 7 323 6 507 6413 

10 9 347 8 670 9 040 
20 11 212 10917 12 024 
50 13 550 14 079 16 609 

100 15 259 16 634 20 604 
1 000 20 804 26 370 37 827 

10 000 26 344 38 328 62 525 

distributions, x and s are in log units calculated from the 
logarithms of the data to the base 10. The standard 
normal deviate at the required level of probability is the 
frequency factor K for both log-normal distributions. For 
the Pearson type III and log-Pearson type III distributions, 
K was obtained from Equation 5. 

RELATIONSHIP OF INSTANTANEOUS PEAKS 
TO MAXIMUM MEAN DAILY FLOWS 

Hydrologic design usually requires the frequency 
regime of instantaneous peak discharges rather than of 
mean daily maxima, particularly for small drainage 
basins. Hydrometric stations equipped with recording 
gauges are usually fewer than manual gauge stations and 
have shorter records. There were few stations with 10 or 
more years of unregulated instantaneous flow data and 
their inclusion in the present study was not felt war
ranted. Therefore, the relationship of the ratio of the 
instantaneous peak to the corresponding mean daily flow 
against drainage area was investigated. 

Twenty-eight stations with 5 or more years of record 
from recording gauges were available. These data are 
presented in Table 4. The average ratios of instantaneous 
peaks to mean daily flows were plotted against drainage 
area. These are shown on Figure 10 and are differenti
ated according to the length of record, 5 to 9 years and 
10 years or more. A large spread for the ratios was 
obtained for individual stations. Therefore the maximum 
value of the ratio obtained for each station record has 
been plotted against drainage area on Figure 1 1 to show 
the upper range of ratios for southern Ontario. 

As a preliminary guide for design, the formula derived 
by Fuller (1914) has also been plotted on Figure 10. The 
Fuller formula is 

The frequency regime for the Gumbel distribution was 
calculated from the cumulative probability function. For 
the other distributions, flood estimates at various return 
periods were determined by the general frequency 
equation 

X , = X -̂  Ks (11) 

where x, is the flood estimate at the required return 
period, K a frequency factor, and x and s the sample mean 
and standard deviation, respectively. For the logarithmic 

Qp = Qd(l + 2 A " ° ' ) (12) 

where Qp is the instantaneous peak discharge, cfs; Q ^ is 
the mean daily discharge, cfs; and A is the drainage area, 
mi^. 

Most of the instantaneous peaks occur during spring 
floods. This is shown in Table 5, which lists the monthly 
percentage distribution of the instantaneous peaks. 

Fuller's formula has been modified to 

Qp = Qd (1 +6A -0 -3 ) (13) 
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Table 4. Ratios of Instantaneous Peaks to Maximum Mean Daily Flows 

Ratio instantaneous peak to 
Drainage maximum mean daily flow 

area Years of 
Station (mi^) record Maximum Mean Minimum 

02FF0,02 Ausable River near Springbank 334 1965-70 1.45 1.21 1.12 
O2FB01O Bighead River near Meaford 113 1967-71 1.24 1.14 1.09 
02FC011 Carrick Creek near Carlsruhe 63 1963-71 1.49 1.15 1.04 
02GA017 Condstogo River at Drayton 125 1959-71 2.46 1.65 1.21 
02HB001 Credit River near Cataract 82 1967-71 1.41 1.22 1.03 
02HC006 Duffin Creek at Pickering 110 1960-61, 1963-71 2.35 1.84 1.16 
02HC019 Duffin Creek below Arthur Percy Dam 34 1961, 1964-71 2.86 2.04 1.28 
02HC009 East Humber River near Pine Grove 76 1963, 1967-71 1.55 1.31 1.11 
02HB004 East Oakville Creek near Omagh 77 1965-71 2.73 1.69 1.36 
02GD010 Fish Creek near Prospect Hill 58 1966-71 1.56 1.31 1.13 
02HC012 Humber River near Cedar Mills 65 1965-71 1.98 1.53 1.03 
02GC002 Kettle Creek at St. Thoma'S 127 1967-71 2.26 1.60 1.23 
02FE004 Maitland River near Donnybrook 680 1967-71 1.28 1.14 1.03 

02GA010 Nith River near Canning 398 1948, 1950, 1954, 1956, 
1957, 1960-67, 1969-71 

2.23 1.33 1.05 

02EA005 North Magnetawan River near Burk's Falls 129 1967-71 1.02 1.02 1.01 
02ED003 Nottawasaga River near Baxter 456 1966-71 2.03 1.26 1.06 
02FF003 Parkhill Creek near Parkhill 48 1960-67 2.46 1.76 1.23 
02KB001 Petawawa River near Petawawa 1590 1966-71 1.02 1.01 1.00 
02HC022 Rouge River near Markham 72 1964-71 1.84 1.51 1.14 
02HM003 Salmon River near Shannonville 344 1965-71 1.31 1.17 1.02 
02FA001 Sable River at Sable Falls 358 1967-71 1.07 1.04 1.02 
02FC001 Saugeen River near Port Elgin 1570 1956-70 1.56 1.17 1.04 

02FC002 Saugeen River near Walkerton 850 1952, 1953, 1959, 1960, 
1962, 1963, 1965-71 

1.24 1.08 1.02 

02GG002 Sydenham River at Alvinston 283 1965-70 1.84 1.30 1.11 
02FB007 Sydenham River near Owen Sound 70 1959, 1965-71 -1.61 1.23 1.07 
02GD016 Thames River at Ingersoll 200 1957-70 1.57 1.19 1.05 

02GD012 Thames River at Woodstock 98 1952-54, 1956, 1959, 
1960, 1962-71 2.22 1.46 1.01 

02GD001 Thames River near Ealing 519 1938, 1948, 1950, 
1952-54, 1956-66 

1.47 1.19 1.00 

and plotted on Figure 1 1. In this form, the formula 
suggests a good fit to the data as an upper bound for 
maximum ratios. Also on Figure 1 1, the points that 
repi/esent summer or fall floods, i.e., rainfall events for 
May to December, are designated by • . It should be noted 
that these rainfall events did not consistently produce the 
greatest ratios. 

Table 5. Monthly Percentage Distribution of Maximum Instan
taneous Peaks 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

3.3 14.4 22.3 44.0 2.1 1.2 0.4 0.8 - 0.4 1.2 9.9 

miles, the condition of flow whether natural or regulated, 
and the period of record are noted. Sample statistics are 
tabulated for three series, the original data series or the x 
series, the logarithms to the base 10 of the original data 
series or the log x series, and the logarithms of the 
reduced variate or the log(x - a) series. The median, 
calculated as described previously from the middle fifth of 
the x series, is given along with the corresponding value 
for the parameter a for the three-parameter log-normal 
distribution. If it was necessary to adjust the median to 
0.99 of the mean, the value of the median used for the 
calculation of " a " appears as "adjusted median". As a 
check, the mean was calculated by the moment equation 

PRESENTATION OF RESULTS 

The plotted graphs and frequency estimates for the 
selected stations in the study region follow alphabetically 
in the next section. The graphs are shown on Figures 12 
to 141. For each station, the drainage area in square 

= a + exp [(a%/(2 + Py)] (14) 

where /A„ is the population mean for the three-parameter 
log-normal distribution, is the population variance of 
the log(x - a) series, and /Xy is the population mean of the 
log(x - a) series. The sample values were used for cr̂ ^ and 
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in Equation 1 4. In most cases, the agreement between 
the mean as calculated by Equation 14 and the sample 
mean was excellent. 

Flood frequency estimates for five distributions are 
tabulated for selected return periods up to 10 000 years 
or 0.01% probability. Computations at small probabili

ties are listed to illustrate the difference in estimates 
calculated by various frequency distributions. Most 
distributions fit well in the middle range of probabilities. It 
is at the tails of the distributions that considerable 
differences in estimates will be noted. T denotes the 
recurrence interval in years. The corresponding probabil
ities in per cent are denoted by P. 
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Figures 12 to 141 
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8 0 50 20 10 5 2 1 0 . 1 0 O.Q 

1^ 

rXX 

7L 

1 .01 1 -05 1.11 1 . 2 5 2 5 10 20 50 100 1000 

R E C U R R E N C E I N T E R V A L IN Y E A R S 

F I G U R E 1 4 . F L O O D F R E Q U E N C Y A N A L Y S I S - A N N U A L F L O O D S E R I E S 



02FBCQ1 BPAV'R RIVFR fi90\/F EUGENIA POW^R-<0USF 

ORATNAGF ARFA 95 ?Q. MI. 

PERIOD CP RECORD 19?1-51 

REGJLflTFQ 

SERIES 
MFAN 

STANDARD 
0-VTATTON 

COEFFTCIENT 
OF i/ARIATION 

COEFFICIENT 
OF SKEW 

2?7.56 .52<» 1 . 2U3 

LOG V 2 . 5 8 3 8 1 - .22077 . 085WI* .G8335 

LOG (X-A) 2.92183 .10658 .03651 .56621 

CALCULATED MEDIAN (X SE''IES)= i+03.29 

PARAMETER A - -'f26.61 

MEAN (3 LN THEORETICAL) = U3'+.25 

FLOOD ESTIMATES C-S 

LOG LOG 3 PARAMETER 
T F GUMBEL PEARSON PEARSON NORMAL LOG NOR' 

1.0 1 99 85 107 121 117 U5 
1.35 9F 156 151* 168 166 131 
1.11 90 199 189 200 199 183 
1.25 8C 257 2U3 2«»9 250 252 
2.00 5C •̂ 95 3 89 380 383 UC8 
2.3 3 1*2.92 U29 t+28 U17 1*20 ^U6 
5.00 20 579 5 98 587 588 600 

10.00 10 702 737 739 73 5 717 
20.CC r 819 868 895 885 82tt 
50.00 2 971 1C36 l l l U ID 89 956 

lOC.OG 1 1C85 1159 1290 1251 1052 
1000.00 . 1 1U62 1560 1960 18«»5 1357 

lOOOC.OG .01 1838 1956 2785 251*1 1656 
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0 2 F B 0 0 9 B E f l V E R R I V E R NEAR C L A R K S B U R G 
C U M U L A T I V E P R O B A B I L I T Y IN P E R C E N T 

95 90 80 50 20 10 5 2 

X x - ^ 

y ^ X 

X 
X 

/ 
/ 

1-05 1.11 1 . 2 5 2 5 10 20 50 100 1000 

R E C U R R E N C E I N T E R V A L IN Y E A R S 

F I G U R E 1 5 . F L O O D F R E Q U E N C Y A N A L Y S I S - A N N U A L F L O O D S E R I E S 



C2FBCQ9 BEflVFR RIVFR NFA' CLARKSBURG 

ORAINAGF AREA 225 SO. MI. 

PE^IOO OF " E C C O 19ET-71 

REGJLATEO 

SERIES 
MEAM 

STANOARO 
DEVIATION 

COEFFICIENT 
OF VAPIATION 

COEFFICIENT 
OF SKEH 

l«+09 . 07 '•97.75 . 353 - . 125 

LOG X 

LOG fX-A) 

3.11862 

3.68262 

. 1 7 7 U 1 

.0U531 

.05589 

.01230 

- .88031 

- .32095 

CALCULATED MEDIAN CX SFRIES)= 1383.33 

PfipaMETER A = - 3 < » 3 0 . U 8 

MEAN (3 LN THEORETICAL) = 

FLOOD ESTIMATES CFS 

LOG L 0 ( 3 PARAMETER 
T p GUMBEL PEARSON OFAPSON NORMAL LOG NOR! 

1.01 99 ^65 205 393 508 31*7 

1.05 95 662 5 7 2 616 671 625 
1.11 90 7 8 3 76** 761 778 781 
1.25 80 9^7 9 93 959 931 979 
2.0C 50 133t» 1U19 1393 131U 1381* 

2.3 3 U2.92 l'*3? 1 5 0 9 1«*93 1«*15 1 U 7 7 

5.0C 20 1855 1830 1861 1853 1826 
10.00 10 220G 20«+5 2102 2218 20 73 
2C.0C c 2530 2 2 0 9 2 2 9 1 2 5 7 3 2285 
50.0 0 2 2 9 5 8 2 3 9 7 2U91 301*0 2 5 3 5 

100.00 1 3 2 7 9 25 2 0 261U 3398 27 C 7 
1000.0 0 .1 •̂339 2858 2905 I*6«t3 3 2 1 6 

10000.00 .01 5 7 9 5 3128 3G82 5035 3 6 6 8 
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0 2 F B 0 0 3 B E n V E R R I V E R NERR K I M B E R L E Y 
C U M U L A T I V E P R O B A B I L I T Y IN P E R CENT 

0 9 9 95 90 80 50 20 10 5 2 1 0 . 1 0 0 - 0 1 

O) 

00 1 1 1 1 1 1 1 1 1 ^ 1 

10 



D2FeQ03 BEAVER RIVER NEAR KIMBERLEY 

DRAINAGE AREA I Q l SQ. M l . 

PERIOD OF RECORD 1916-51 

REGULATED 

SERIES 
HE AN 

STANDARD 
OEVIATICN 

COEFFICIENT 
OF VARIATION 

COEFFICIENT 
OF SKEW 

LOG X 

60i*.63 2i»8.97 

.18083 

.i+12 

,''6585 

.926 

- . 2 1 6 8 1 

LOG (X-A) 2.988i,i^ . 10397 ,23861 

CALCULATED MEDIAN (X SERIES)= 572.86 

PARAMETER A = -396.88 

McAN (3 LN THEORETICAL) = 605.14 

FLOOD ESTIMATES CFS 

LCG LOG 3 PARAMETER 
T p GUMBEL PEARSON PEARSON NORMAL LOG NORi 

1.01 99 193 193 198 211 161 
1.C5 95 277 2 69 Z7k 280 2 59 
l . i i 9r 328 320 324 326 319 
1 .25 80 399 392 39«t 392 399 
2.00 50 56^ 567 565 557 5 76 
2 .33 i t2 .92 605 611 609 601 620 
5 .yu 2 V 786 79^ 79'+ 791 7 9it 

10.00 10 933 937 9hO 950 926 
20.00 5 lQ7i+ 1067 1077 1105 
50.00 2 1256 1229 1251 1310 1195 

100 . 3ii 1 1393 i3i*6 1377 1302 
1000.0 0 . 1 18^5 1716 1788 2017 16^3 

10000.00 .01 2296 2070 2192 2623 1975 

29 



0 2 G C 0 0 6 B I G C R E E K NEAR D E L H I 
C U M U L A T I V E P R O B A B I L I T Y IN P E R C E N T 

0 99 95 90 80 50 20 10 5 2 1 0.10 0-0 

1-01 1 . 0 5 1.11 1 . 2 5 2 5 10 20 50 100 1000 1 

R E C U R R E N C E I N T E R V A L IN Y E A R S 

F I G U R E 1 7 . F L O O D F R E Q U E N C Y A N A L Y S I S - A N N U A L F L O O D S E R I E S 



0 2 G C C 0 6 B I G C P F F K f)FflF Dt^LHI 

O P A I N a G F ARFfl 1<*C S O . M l . 

P F R I O D or RECORO ig'^S-^i 

R E G U L f l T F O 

S E R I F S 

MEAM 
STANDARD 

D E V I A T I O N 

COEF«^ICIENT 
OF VARIATION 

C O E F F I C I E N T 

OF SKEW 

1 2 0 E . i g . 8 5 2 1 . 5 5 3 

LOG V 2 . 9 5 2 9 7 .7i+02U , 1 1 5 2 2 . 3 2 7 5 7 

LOG tX-A> 3 . 1 7 7 3 9 . 2 2 2 2 6 . C 6 9 9 5 . 7 7 0 3 8 

C A L C U L A T E D M c n r a N ( X S E P I F S ) = 807.CO 

PflRAMETER A = - 5 1 5 . 2 3 

MEAN f-^ L N T H E O R E T I C A L ) = 1 1 9 9 . 7 2 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 

T P GUMBEL PEARSON P F A R S ON NORMAL LOG NORMAL 

1,0 1 99 -68 1 7 5 1^5 -5 7 

1.35 95 117 55 2 6 7 2U7 1 3 3 

1.11 9G 279 17Q 3 3 9 32 8 2 65 

1.25 80 uqo 3 6 6 t.63 U62 

2 . a c 5C 1 0 1 7 9 5 7 859 89 7 9 8 9 

2 , 3 3 i f 2 . 9 ? l l t . 7 1 1 2 8 9 9 2 i r 3 U 1 1 3 6 

5 . OC 2C 1 7 1 3 19GG 1 7 0 8 1 7 3 5 1 7 9 9 

1 0 . 0 0 10 217i * 2 5 6 0 2 5 0 7 2 3 8 ^ 

2 0 . 0 6 c 2 6 1 7 32 C 2 3 L 8 6 3 2 5 5 2 9 76 

5C.QG 2 3 1 8 9 UG^O 5 1 3 0 UU85 3 7 8 9 

lOC.OG 1 3 6 1 8 t.669 6 6 92 555 G «*t32 

10 Q Q . 0 0 .1 5 0 3 6 6 7 6 7 11^666 1 0 C 9 9 6 7 9 9 

IQOCO.OG .01 6i*52 8 8 99 ? o 2 6 C 165Ut- 95 81 

31 



0 2 G C 0 0 7 B I G C R E E K NEAR NflLSINGHflM 
C U M U L A T I V E P R O B A B I L I T Y IN P E R C E N T 

0 9 9 95 90 80 50 20 10 5 2 1 0.10 0.01 

at 
C D : 

I 

<o 
ir> 

1.01 1.05 I.11 1.25 2 5 10 20 50 100 1000 

R E C U R R E N C E I N T E R V A L IN Y E A R S 

F I G U R E 1 8 . F L O O D F R E Q U E N C Y A N A L Y S I S - A N N U A L F L O O D S E R I E S 

10000 



G2GCGu7 n i G CREEK M F A P WALSINGHAM 

ORATNAGE ARFfi 2?8 SO. MI. 

PERIOD or '=ECO'=0 19^6-71 

RFGULATrn 

SEPJE? 
MEAN 

STAMnA='n C O F E F T C I F M T C O E F E I C I E N T 

DEVTATinM 0=" V A P I A T I O N OF SKEW 

1 5 5 7 . 6 ° 2. 391 

L O G y 

LOG (X-A) 

3 . 0 7 - 'U7 

3.3337'' 

.?9B65 

.1943 8 

.C9704 

.135831 

1.06524 

1.4P167 

CALCULATED MFDTON (V SfPTES>= 992.CO 

PARAMETER A = -856.18 

MEAN LN THEOPETICAL) = l^^^PT.ie 

F L O O D E S T I M A T F S C F S 

LOG L O G 3 PARAMETER 
T p GUMPFL PEAOSOM PEAPSON NORMAL LOG NORI 

l . ; l l 99 -56 747 410 241 -Pit 
1.05 95 ?51 355 490 385 176 
1.11 9C 439 3P1 555 uqu 358 
1.25 8C 695 504 667 669 623 
2.CC 5 0 1298 1G68 1G61 1195 1300 
2.33 42.92 1449 1270 1198 1354 1483 
5.00 20 2108 2319 1996 2132 2 2 86 

10. uC 10 2645 3337 2 993 2886 2971 
20.OC c 3160 440 3 4363 3704 3646 
5C.QC 2 3827 5878 7003 4907 45*̂ 0 

lOG.OC 1 4326 7C33 9884 5917 5250 
1000.00 .1 5976 11116 29822 lOCG 6 771.Q 

lOOOO.GC .01 7623 15522 87154 15432 10*^40 
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0 2 G C 0 1 0 

"0 99 

B I G O T T E R C R E E K AT T I L L S O N B U R G 
C U M U L A T I V E P R O B A B I L I T Y IN P E R C E N T 

9 5 90 8 0 50 2 0 10 G.IO O.C 

CO 

X 

CO 

t o 
CD 
Li_ 
C J 

I S 
O 

m 
O 

C D 

CM 
O 

1 .01 1 . 0 5 l . U 1 . 2 5 2 5 10 20 50 100 

R E C U R R E N C E I N T E R V A L IN Y E A R S 

F I G U R E 1 9 . F L O O D F R E Q U E N C Y A N A L Y S I S - A N N U A L F L O O D S E R I E S 

1000 100 



C 2 G C C 1 C B T G O T T ^ P C R E F K AT T T L L S C N 8 U P G 

HRATNAGF ARFA 13? SO. MT. 

PFRTOO OF (?FCORD 1R61-71 

R F G U L A T E D 

SERIFS 
M E A N 

S T A H O A P n 
O F V T A T J O N 

COEFFICIENT 
OF VAPIATION 

COEFFICIENT 
OF SKEW 

193t» . 91 1196.67 .618 .991 

L O G X 3. 21G 84* .27^33 .G8Ei»t. C99U6 

LOG ( X - A ) 3 . 2 9 7 5 < . .22639 .G6865 .1355 8 

CALCULATFO y p o i A N {X SERIES)= 1550 . C O 

PflRflMETFR A = -310 .19 

MEAN r3 L N ^ H E 0"̂  E T IC A L ) = 1962.50 

FLOOn ESTIMATES c r s 

T P GUMBFL PEARSON 

i . a i PQ 15? 12 
1.05 9"̂  352 
1.11 90 728 5 8it 
1.25 8 0 919 
2.QC 5C 1 7 2 U 17U2 
2.3 3 t+2.9? laCO 1955 
^.ac 2C 266'= 2838 

IG.OC IC 3 2 88 3533 
2 0 . 0 C c 3 8 85 ^173 
5G.QC 2 1*65 9 ti973 

IOC. GO 1 523" 55^3 
IGCC. 00 .1 7153 73^8 

lOOGC.GC . G l 9'̂ 6J* 91 76 

LOG LOG 3 PARAMFTFR 
PEARSON NORMAL LOG NORMAL 

357 373 279 
56£+ 57':* 5 31 
718 723 7G6 
957 95i* 968 

161*2 162i, 1673 
lPt-1 1822 1871 
2773 2765 2767 
3626 3652 3560 
i i E l O 1*593 i*366 
F7£*8 59'+7 5 U 7 3 
67i*2 7G62 6359 

1^*69 IIUU? 9623 
1^918 17G35 13U8C* 
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02GC004 

in 
O 99 95 

B I G O T T E R C R E E K NEAR V I E N N A 
C U M U L A T I V E P R O B A B I L I T Y IN P E R C E N T 

90 80 50 20 10 5 2 0 - 1 0 O.Ol 

o ) • 
C D • 

1 

V -— 

^ — 

— 
^ 

X 

(O ' 

1/} 

oo 

CO 

C J 

o 

oo 

I/} 

o 

1 .01 1 . 0 5 I .11 1 . 2 5 2 5 10 20 50 100 

R E C U R R E N C E I N T E R V A L IN Y E A R S 

F I G U R E 2 0 . F L O O D F R E Q U E N C Y A N A L Y S I S - A N N U A L F L O O D S E R I E S 

1000 10000 



ORATMaGF AOF.A 2 F ° 50. MI. 

SEPIFS STANDARO C O F F F T G I - N T 
o r V A R I A T T T N 

C O ^ F F I C I F N T 

OF SKEW 

2713.0 i f - o e . q o . 8 3 4 

LOG X 3 . 3 7 2 ? .G^31C - . 5 9 4 0 6 

LOG (X-A) 3.4LGG ,"C78 2 .C6GU1 - . 3 3 5 3 9 

CALrULAfFD M E D T S N (X S F P I " ^ S ) = 2345.00 

oap A^ETc-p ft = -3^*3.73 

MECK' (3 LN THFoqpTICAL) = 2 74^4.94 

FLOOn E S T I M A T E S C^S 

L O G L O G 7 PARAMETFR 
T F G y ^ R ^ L PEARSON! PEAPSOM NOR»^ AL LOG NORi 

1.01 99 410 F3G 561 
1.05 g r « 7 9 7 7 4 851 9 2 7 909 
1.11 9G 1 1 6 7 1G82 H I D 1 1 3 9 11*»7 
1.25 8C 15 58 1512 I'.gg 1 4 6 2 1 4 9 7 

2.0C 50 2«*78 2 5 2 1 2 4 P 4 2 3 5 9 2 4 1 0 

2 . 3 3 42 .92 2"'ia 2 7 7 3 2 7 5 5 2 6 1 6 26 61 

•=.00 2C 3 7 1 6 3 8 0 1 3 8 3 6 380 5 3 7 77 

i G . : c 1 ' 41=̂ 36 4 5 9 0 4 6 6 5 4 8 8 5 4 7 4 3 

2D.00 c 5 3 2 2 5 3 0 6 Ft'CE 6C0 3 5 7 0 8 

51] .0 0 ? 6^40 6 1 8 8 6 2 8 8 7*^72 7 C 1 7 

1G C . 0 C 1 7 1 C ? 68 20 6 8 9 6 8 83 6 8C 40 

1 C 0 G . 0 0 . 1 96 2? 8800 864 8 1 3 6 3 5 1 1 7 4 0 

lOOOC.nc .01 1 2138 1 0 6 7 5 1 0 C 7 5 1 9 4 9 8 1 5 9 9 2 

3 7 



CM 

1.01 1 . 0 5 1.11 1 . 2 5 2 5 10 20 50 100 1000 10000 

RECURRENCE INTERVAL IN YEARS 

FIGURE 2 1 . F L O O D FREQUENCY ANALYSIS - ANNUAL FLOOD SERIES 



C2FO1310 =?IGHFfln RTVFP NEAR MEAFORD 

nRATNAGF AREA 117 '^Q. HI . NATURAL FLOW 

PERIOD OF PECCPO lR':-7-71 

S E R I E S STAMOAPD 
OFVTATIOM 

COFFFICIFNT 
OF VARIATION 

COFFFICIENT 
OF SKEW 

1711. 6" 637.86 . 3 7 3 

LOG y 3.202?1 . 1 7 7 9 3 .CF«55 6 

LOG (X-A) 4 . C . 7 E G ^ .0231? .0 056 7 . P72 75 

CALCULATED MEDIAM (X SE''IES)= 173C.0O 

ADJUSTED MFOIAN= 169^1.55 

FAPAMETER A = -1019C.I-5 

MEAN f3 LN fHFOPETTCAL) = 1712. 

FLOOD ESTIMATES CFS 

T F GUMRFL PEAPSON 

l.C 1 Q O c 77 t,27 
1.3 5 95 «1D JUL. 
1.11 9G o?8 
1.25 8G 115? 1166 
?,QC 50 1615 16 66 
2.33 t-2.92 17 3? 1793 
5. DC 2C 2239 227G 

IG.OG 10 2 65? 2-̂  52 
?G. GC r 3Gi'-8 2831 

2 3-60 3162 
1 0 0 . 0 C 4 394* r* 3 3 91 

lOCG.Oa . 1 5 21'̂  i+n 77 

lOGGC. 0 C .01 6ii81 i*6 91 

LOG LOG 3 PARAMETER 
P'^ARSON NORMAL LOG NORMAL 

eik 311 
753 811 6 99 
922 °h2 911 

1155 1128 117% 
167i* l'^92 1695 
179- 1716 1811 
2261 2?k<^ 22UZ 
25 77 269 3 2 535 
2837 .312r 27 83 
3121 3695 3C69 
3 30 3 (*131 3 2 62 
3 76 8 5 61*9 3820 
1*0 8 9 7711 t^pqg 

39 



0 2 H L 0 0 3 BLRCK R I V E R NEAR A C T I N O L I T E 
C U M U L A T I V E P R O B A B I L I T Y IN P E R C E N T 

" 0 9 9 95 90 80 SO 20 10 5 2 1 0 . 1 0 0 . 0 1 

cn -

00 -

r~ -

t o -

10 -

V -

CO -

X 
(M -

t o 

x > $ - - x — X 

i f ^ x 
O) -

t o - ,rT\ 

r — 

to - X 

UJ -" 

•<r -

fO -

<M -

0 

1.01 1 . 0 5 l . l l 1 - 2 5 2 5 10 20 50 100 1000 10000 

R E C U R R E N C E I N T E R V A L IN Y E A R S 

F I G U R E 2 2 . F L O O D F R E Q U E N C Y A N A L Y S I S - A N N U A L FLOOD S E R I E S 



C 2 H L 0 0 ? f ^LaCK ^ ^ I V F R N F A R A C T I N C L T T F 

nPAINAGF AR^A 155 S O . M J . 

P r R i o o or i ^ E C O P Q 1 9 ^ 6 - 7 1 

" E G U L A T F O 

S E R I F S S T A M D A R D C O F E F I C I E N T C O E F F I C I E N T 

M E A N O F V I A T T O N O F V A R I A T I O N O F S K E W 

X 1320. i+u 4 3 i * . 8 A .329 . 279 

L O G X 3 . 0 0 ^ 9 3 .15261 . 0 492 8 - .50453 

L O G ( X - A ) 3.85504 .02622 . G06'»C .14624 

C A L F U L A T E D W E O I A N ( X S E ' ^ T F S ) = 1325.GO 

A D J U S T r Q MEnTAN= 13Q7.23 

D f l R A M E T F R A = -5853.9C 

M E A ^ ' <3 L N T W F O P E T I C A L ) = 1321.08 

F L O O D E S T I M A T E S C F S 

L O G L O G 3 P A R A M E T E R 

T P G U M B E L F ' E A R S O N P E A R S O N N O R M A L L O G N O R M A L 

l . G 1 99 542 398 485 ^52 3 69 
1.05 9^ 707 eui 670 731 631 
1.11 9G 8C2 111 785 796 11% 
1.25 80 936 949 941 929 953 
2.0C 5C 1252 13C0 128 7 125G 13C8 
2.33 42.92 1332 1379 1369 133 2 1387 
5.0C 20 1678 1679 1683 1680 1681 

IC.OC IG 1959 1889 1915 1961 1884 
2c . ac 223G 20 68 211u 2228 2 0 55 
5G.0C 2 2579 2277 2333 2572 2253 

IGQ.OC 1 281.1 ? 4 ? 0 2484 28 3 0 2387 
lOCO .QG . 1 3 7 C 7 2840 2907 370 2 2 776 

IGGOe.OC .01 4572 32C6 3247 4620 3111 

41 
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O 

l - O l 1 -05 l . l l 1 . 2 5 2 5 10 20 50 100 1000 10000 

R E C U R R E N C E I N T E R V A L IN Y E A R S 

F I G U R E 2 3 . F L O O D F R E Q U E N C Y A N A L Y S I S - A N N U A L F L O O D S E R I E S 



G2FCGC? BLaCK ="I\/FP NFflP WASHAGO 

ORAINAGF AREA 58? ?Q, M J . 

PFRIOD OF RFCORO 1916-71 

N A T U R A L FLOW 

SERIFS STANDARD COEFFICIENT C O E F F I C I E N T 
MEAN DEVIATION OF VAPIATION OF SKEW 

X 4*387.1'* 11G2.22 .251 .311* 

LOG X 3.62^52 .11816 .03257 -.91*21+1 

LOG (X-A) l* . l«+136 . C3t*lf3 .00831 - .06367 

CALCULATED MEDIAN (X SFPIES)= 1*381.67 

AO.JUST<^0 MEDIAN= l*3t*3.27 

PaRaME-TER A = -9 50 2 , 7 5 

MEAN ( 3 LN THEOPE T i r A L ) = 1*387.68 

FLOOD ESTIMATES C^S 

LOG LOG 3 pflRAMETER 
T P GUHREL PEARSON PEAPSON NORMAL LOG NORMAL 

l . G l 9 ° 22Ga 2C78 1879 2252 2C12 
1.05 95 2667 26 7 7 2555 2711 2 6 51 
1.11 9G 2 9 5 C 3016 291+9 2992 30 06 
1.25 8G 3336 31*1*6 3i»i*7 3 3 7 3 31+53 

2.0C 50 1*329 1*1*22 1*22*1 ' 1*31*1* 

2.33 J*2.92 1*5 31 1*62 8 t*ii56 1*51^5 

5.GC 2G 5465 5 2̂ 1* 531*5 5333 53Q0 
1 r . Q C IC 6273 58 31 5781 6011 5825 
2 0 . i3 0 c 70£*a 6292 6107 66 3 5 6273 
5C.C0 2 8052 6832 6it-3i* 7U16 6793 

lOC.DG 1 8 8Gi4 7203 6627 7986 711*8 
1090.00 .1 11^9 0 8295 7C59 9831 8187 

10 OGG. 0 0 . 01 13771 9251* 7299 1166 9 9C93 

4 3 



0 2 K C 0 0 9 BONNECHERE R I V E R NEAR C A S T L E F O R D 
C U M U L A T I V E P R O B A B I L I T Y IN P E R C E N T 

0 9 9 95 90 80 50 20 10 5 2 1 0 . 1 0 0 . 

o> 
CO 
r 
<o 

10 

to 

(SI 

at 
to 

to 

10 

1 .01 1 . 0 5 1.11 1 . 2 5 2 5 10 20 50 100 1000 

R E C U R R E N C E I N T E R V A L IN Y E A R S 

F I O U R E 2 4 . F L O O D F R E Q U E N C Y A N A L Y S I S - A N N U A L F L O O D S E R I E S 



G 2 K C C 0 9 T O N N f C H F R F R I V E R NEAP r A S T L E R O P Q 

D R A I N A G E AREA 91». . M I . 

P E R I O D OR t'ECOPD 1 9 2 2 - 7 1 

REGULATED 

S E R I E S . STANDARD CO- E F I C I E N T C O E F F I C I E N T 

MEAM D E V ^ f l T I O N o r V A F I O T T O N OF SKEW 

X 3 E 6 5 . 2 0 159B ,66 .4^8 1, 546 

LOG X 3 . 5 1 2 C 9 .1912C .054i*£4 - . 2 8 3 7 7 

LOG ( X - A ) 3 . 6 E 9 7 1 .13E3& . 0 3 6 9 7 . 1777(* 

C A L C U L A T r o MEDIAN (X SE R I E S ) = 3 2 8 2 . 0 0 

PAR AMET FR A = - 1 2 7 G . l f ^ 

MEAN (3 LN ^ w E O P E T i r A L ) = 3 5 6 4 . 6 5 

FLOOD E S T T M A T f r r r c 

LOG LOG 3 P A P A M F T E P 

T p GUMREL PPARSON PEARSON NOPMAL LOG NORMAL 

1.0 1 RP 1 0 3 « 15 7it 1 0 6 5 1 1 6 7 9 8 2 

1.05 9 ^ 1 5 E 4 177C 1 5 2 3 1 5 7 6 1 5 C 5 

1.11 9C 1R71 1 9 E 1 1 8 2 7 1 8 4 9 1 8 3 3 

1.2E 8G 2 3C1 2 2E8 2 2 6 1 2 2 4 4 2 2 8 3 

2 . OC EC 3 3 1 3 318 0 3 3 1 9 3 2 5 1 3 3 3 7 

2 . 3 3 4 2 . 9 2 3 E f « 3 4 4 6 3 5 9 3 3 5 2 2 36 04 

E.OC 20 467'^ 4 6 4 7 4 7 3 2 4 7 1 0 4 7 0 7 

IG.OC 113 5 E 7 7 5 6 7 3 5 6 3 1 5 7 1 7 55 80 

2 G . 0 G c B a a ? 66 70 6 4 6 3 6 7 0 8 6 3 9 5 

EG.CC 2 7 E E ? 7 9 7 1 750 3 80 3 1 7 t 3 1 

100.OC 1 8 f i G l 8 9 46 8 2 5 7 9 0 5 3 8 1 9 7 

1 000.OC .1 1 1 1 7 3 1 2 2 0 1 1061+9 1 2 6 7 3 1 0 7 3 1 

1 0 0 0 0 . 0 0 .01 1 3 9 4 1 1 5 5 C 6 1 2 9 32 1 6 7 2 4 1 3 3 2 5 
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02HD006 

O 99 95 90 

B O N H R N V I L L E CREEK n i BONMANVILLE 
C U f l U L f l T I V E P R O B A B I L I T Y IN P E R C E N T 
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02HD006 B0WMANVILL£ CREEK AT BOWMANVILLE 

DRAINAGE AREA 3 2 SQ. MI. 

PEKIOO OF RECORO 1960-71 

R E G U L A T E D 

SERIES 
M E A N 

STANDARD 
OEVIATIGN 

COEFFICIENT 
OF VARIATION 

C O E F F I C I E N T 
OF SKEW 

LOG X 

LOG <X-A) 

587 .142 

2.70711+ 

2.7971*3 

31*9.36 

.23683 

.19756 

. 5 9 5 

.0871*8 

.07062 

1.1*08 

.i*'»i*Oi+ 

.58153 

CAlGUtATEO MEDIAN <X SERIES)= 1*8^.00 

PARAMETER A = -106.09 

MEAN (3 LN THEORETICAL) = 589.51 

FLCOD ESTIMATES CFS 

LOG LOG 3 PARAHETER 
T p GUHBEL PEARSON PEARSON NORMAL LOG NORHAL 

1 . . 1 9 9 99 122 171 1̂ +3 111 
1.05 9 5 196 177 223 207 190 
1.11 90 255 223 261 253 21*3 
1.25 ao 33 5 298 319 321 321 
2.00 5w 525 509 1+89 50 9 521 
2.3 3 «2 . 9 2 572 569 51*0 562 5 75 
5.00 2 0 780 831 793 806 813 

1 0 . 0 0 1 0 9<*'3 1050 101*6 1025 1017 
20.00 c I l i a 1261 1330 121*9 1219 
5 0 . 0 0 2 1320 1532 1770 1561 11*90 
100.0 0 1 11*77 1735 2159 1811 17 00 

10 0 0.00 . 1 1996 21*02 3911* 271*7 21*51 
10000.00 . 0 1 2511* 3^72 6677 3871* 5300 

4 7 



02Gfl023 CflNflGflGIGUE C R E E K NEAR ELMIRf l 
C U M U L A T I V E P R O B A B I L I T Y IN P E R C E N T 

O 99 9 5 90 80 50 20 10 0 . 1 0 0 . 0 

CO 

C M 

R E C U R R E N C E I N T E R V A L IN Y E A R S 

F I G U R E 2 6 . F L O O D F R E Q U E N C Y A N A L Y S I S - A N N U A L F L O O D S E R I E S 



C2r,fiC23 CAMAGaniGUE Cf^EEK NEA^ ELMIRA 

DRAINAGE AREA 4E SO. -̂'I. REGULATED 

PE'^IOD o r c-ECOPO 1 9 5 7 - 7 1 

SERIES 
M - A N 

STANDAPO COEPEICIENT COEFFTCIENT 
DEVIATION o r VARIATION OF SKEW 

722,hi ? e i . R 7 - . 5 8 5 

LOG X . 1 9 6 1 5 .G69£*7 - 1 . 1 3 9 3 2 

LOG ( X - A ) 3 . 6 7 6 7 0 . G 2 4 3 Q .0 0661 - . 6 3 8 5 0 

CALCULATED »^EDiaN (X S E P I E S ) = 7 9 0 . C G 

ADJUSTED MEniAN= 7 1 5 . 2 i v 

PARAMETER A = - 4 0 3 4 . L 8 

MEAK (3 LN ^HEOPFTTCAL) - 7 2 2 . 9 5 

FLOOD E S T I M A T E S CFS 

T P GUMREL PEAPSON 

1.01 99 200 2 
1.05 95 310 252 
1.11 9C 3 7 7 3 7t* 

1.25 8C 4 69 512 
2 . OG 5G 683 747 
2 .33 4 2 . 9 2 73 8 7 0 3 

5.QC 2G 973 946 
IC.GC IG 1164 1G37 
20.OC c 13'+8 11 G 5 
50.OC 2 1586 1176 

lOG.OC 1 1764 1219 
lOCO.OG .1 2353 1 324 

lOOCG.OC .01 291.0 1396 

LCG LCG 3 PARAMETER 
PFAESON NORMAL LOG NORMAL 

162 232 135 
283 316 297 
364 37 3 3 86 
477 455 496 
723 665 715 
77R 722 764 
974 974 944 

1C93 1188 1068 
1181 1399 1173 
12 66 168 3 1291* 
1314 19G4 1375 
1410 2688 1612 
1451 3573 1814 
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0 2 F C 0 1 1 

O 9 9 9 5 90 

CflRRICK C R E E K NEAR C A R L S R U H E 
C U M U L A T I V E P R O B A B I L I T Y I N P E R C E N T 
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02FCC11 Cfl^'RICK CREEK NFAR CARLSRUHE 

OPflTNACE AREA E3 SO. MI. 

PERIOD OP RECOPO 19Ei*-71 

N A T U R A L FLOW 

SEPIES 
M E A N 

STAMDARO 
DEVIATION 

C O E F F T C I E N T 

O F V A R I A T I O N 

COEFFICIENT 
OF SKEW 

8 G 0 . 6 7 2*^2.1*0 .303 - .371 

Lon X 

L O G ( X - A ) 

2.87966 

3 . 5 6 U 6 3 

.1590 6 

."2909 

.C552U 

.0 0816 

-1 .37519 

-.'=7310 

C A L C U L A T E D M E D I A N ( X S F R I F S ) = 8 2 * * . C D 

A D J U S T E D M E D I A N = 792.66 

P A R A M E T E R A = -2876.76 

M E A N (3 L N T H F O P E T T C A D = 301.15 

f=LOOD ESTIMATES C^S 

GUMRPL 
L O G L O G 

P E A P S O M P E A P S O N , N O P M A L 

3 PARAMETER 
LOG NORMAL 

1.31 go 30 2 171 229 323 263 
1.05 95 2*0 8 378 374 414 410 
1.11 9G 4 7 ^ 462 466 473 490 
1.25 8G 561 6G2 585 556 591 
2.9G 5C 7 6 Q 815 8 20 757 792 
2.-^3 42.92 8 21 85 8 869 810 837 
5.GG 2C 1048 1007 1C27 1031 1005 

10.00 10 1233 1100 1112 1212 1122 
2C.0C c. 1411 1172 1169 1384 1220 
5G.0G 2 1640 1249 1218 160 8 1334 

10 0 . 0 G 1 1812 1298 1243 1776 1411 
lOOG.OG . 1 2381 1425 1281 2350 1636 

IQOOG.00 . G l 2949 1519 129C 2960 18 31 
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0 2 L B 0 0 6 CRSTOR R I V E R AT R U S S E L L 
C U M U L f i T I V E P R O B R B I L I T Y IN P E R C E N T 

0 9 9 95 90 80 50 20 10 S 2 1 0.10 0.0 

C M 
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1.01 1.05 l . l l 1.25 2 5 10 20 50 100 

R E C U R R E N C E I N T E R V A L IN Y E A R S 

F I G U R E 2 8 . F L O O D F R E Q U E N C Y A N A L Y S I S - A N N U A L F L O O D S E R I E S 
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G2LB00f CASTOR R i y F ^ AT RUSSRLL 

ORATNAGF ARFA 167 S O . MI. NATURAL FLOW 

PFRIon OF P F C O R O 19(.n-71 

SERIFS 
MEAN 

STAMDARO 
OFVIATION 

COEFFICIENT 
OF VARIATION 

C O E F F I C I E N T 
OF SKEW 

3779.1 1 4 8 1 . Q ? .396 .1E4 

LOG X 3 . 5 3 4 1 4 . .19830 .05611 - .818u5 

L O G ( X - A ) h,34847 . n ? 8 7 5 .00661 .0?129 

CALCULATED MEDIAN ( X SERIES)^ 3690.CG 

PARAMETER A = -18616.G2 

MEAN (3 LN THEOFETICAL) = 3740.70 

FLOOD ESTIMATES CFS 

LOG LOG 3 PARAMETER 
T P GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1.01 99 1CC9 461 906 1182 508 
1.05 95 1577 1369 1476 1614 1390 
1.11 9C 1924 1866 18 60 1905 1877 
1.25 8G 2397 2482 24G0 2329 2482 
2.0C 5C 35 0 9 3701 3636 3420 3692 
2,33 42.92 3789 3971 3931 3717 3962 
5.0C 20 5C0 5 4973 5C51 5024 4970 

10.ao 10 5995 5660 5811+ 6142 5668 
20.OG 6945 6238 6434 7250 6258 
50.OC 2 8175 6901 71C7 8738 6941 

100.00 1 9096 7350 7530 9894 74C5 
1000,OG .1 12141 8642 8585 14024 8 755 

10000.OG . 01 15181 9744 9273 18699 9921 

5 3 



02GD011 CEDAR C R E E K AT WOODSTOCK 
CUMULATIVE PROBABILITY IN PER CENT 

O gg 95 90 80 so 20 10 5 2 1 0.10 0.01 

o 

1 .01 1.05 1.11 1.25 2 S 10 20 50 100 1000 

RECURRENCE INTERVAL IN YEARS 

FIGURE 29.FLOOD FREQUENCY ANALYSIS - ANNUAL FLOOD SERIES 
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C2G0011 CEOAR CREEK AT MOOOSTOCK 

DRAINAGE AREA 36 SQ. HI . REGULATED 

PERIOD OF RECORD 1952-71 

SERIES 
MEAN 

STANDARD 
DEVIATION 

COEFFICIENT 
OF VARIATION 

COEFFICIENT 
OF SKEW 

568.75 338 ,0«* .594 . 8 4 4 

LOG X 2.66653 .31760 .11910 - 1 , 2 0 8 2 2 

LOG (X-A) 2,72577 ,26356 .09666 - ,74537 

CALCULATED MEDIAN (X SEPIES)= 456.75 

PARAMETER A = -53 ,39 

MEAN (3 LN THEORETICAL) = 587,44 

FLOOD ESTIMATES CFS 

LOG LOG 3 PARAMETER 
T p GUMP'̂ L PEARSON PEAPSON NORMAL LOG NOR 

1,01 9 ° 22 -9 45 84 76 
1.Q5 95 133 1C4 115 139 143 
1.11 9C 201 1^7 175 181 191 
1.25 80 294 280 272 250 2 66 
2.00 50 512 522 534 464 479 
2.33 42.92 •=67 5 82 601 530 541 
5.00 20 805 8 29 857 858 8 35 

10.00 10 999 1019 1G25 1184 1107 
2C.0C c: 1185 11^2 1153 1545 1393 
50.OC 2 1426 140 5 1278 2G83 1800 

100.00 16 0 6 1557 1348 2542 2133 
1000.OC . 1 2203 20 36 I486 4445 3423 

lOOOC.OO ,01 27 9 8 24PQ 1539 7046 5G42 

55 



02Gfl017 CONESTOGO R I V E R AT DRAYTON 
CUMULfiTIVE PROBABILITY IN PER CENT 

" 0 9 9 9 5 90 80 SO 20 10 S 2 1 O.IO 0.01 

CO 

1.01 1.05 l . l l 1-25 2 5 10 20 50 100 1000 

RECURRENCE INTERVAL IN YEARS 

FIGURE 30.FLOOD FREQUENCY ANALYSIS - ANNUAL FLOOD SERIES 
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C2GAG17 CONESTOGO PIVFP AT IQAVTON 

ORAINAGF AREA 125 SQ. MI, NATURAL FLOW 

PERIOD or PECOPO 19E1-71 

SERIES 
MEAN 

STANDAPD 
DEVIATION 

COEFFICIENT 
OF VAPIATION 

COEFFICIENT 
OF SKEW 

3316 .4 ' 1267.7Q .382 - . 248 

LOG y 

LOG (X-A) 

3.48Q70 

4.38435 

.20816 

.02288 

.0 598 0 

.00522 

-1 .2C275 

- .34954 

CALCULATED MEDIAN (X SERIES)= 332C.00 

ADJUSTED MEOIAN= 3283.26 

PARAMETER A = -20 945.40 

MEAN (3 LN THEORETICAL) = 3317.67 

FLOOD ESTIMATES CFS 

T P GUMBEL PEARSON 

1.01 99 924 137 
1.G5 95 1348 1145 
1.11 90 1669 1661 
1,25 80 2105 2267 
2.00 50 3132 3368 
2.33 42,92 3390 3597 
5.00 20 4513 4395 

i C O O 10 5428 4903 
20.00 r 6305 5308 
50.00 2 7440 5748 

100,00 1 8291 60 32 
1000,00 .1 11103 6793 

10000.30 ,01 13909 7380 

LOG LOG 3 PARAMETER 
PEAPSON NORMAL LOG NORMAL 

665 992 490 
1214 1374 1273 
1596 1636 17C2 
2134 2023 2233 
3317 3024 3284 
3583 3300 3518 
4523 4528 4383 
5089 5591 4977 
5498 6654 5478 
5886 8095 6053 
6098 9223 64t*3 
6504 13301 7568 
6659 1799 0 8530 
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0 2 G n 0 2 8 CONESTOGO R I V E R AT G L E N ALLflN 
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C 2 G A t 2 8 C O N E S T O G O R I t f E R AT G L E N A L L A N 

D R A I N A G E A R E A 2 2 3 S Q . H I . 

P E R I O D OF RECORD 1960-71 

R E G U L A T E D 

S E R I E S 
MEAN 

S T A N D A R D 
O E V I A T I C N 

C O E F F I C I E N T 
OF V A R I A T I O N 

C O E F F I C I E N T 
OF SKEW 

L O G X 

L O G ( X - A ) 

30 87 .75 

3.399A4 

i*.34597 

1972.50 

.30713 

.037^*4 

.639 

.09035 

.00661 

C A L C U L A T E D M E D I A N <X S E R I E S ) = 30CQ.OO 

P A R A M E T E R A = - 1 9 1 6 9 . 5 0 

MEAN (3 L N T H E O R E T I C A L ) = 3U92.79 

.966 

-.3i+334 

.75074 

F L C O D E S T I M A T E S C F S 

L O G L O G 
T p GUMBEL P E A R S O N P E A R S O N NORMAL 

l . G l 99 -0 -116 1+05 
1.05 95 625 460 734 783 
1.11 9U 10 0 3 851 991 1013 
1.25 80 1530 1411 1383 
2.3 0 50 2756 27 78 2 611 2508 
2.33 42 .92 30 65 3129 2964 2853 
5.00 20 4£*iJ6 tf583 %568 4553 

10 .00 10 5i+98 5722 6026 6211 
2 0.00 5 6546 6769 7̂ +63 80 29 
5 0.00 2 79 0 2 8075 9390 10 722 

100.00 1 8919 9019 10867 12996 
l O C a . ' u . 1 12277 12017 15937 2230 8 

10000.00 .01 15630 14697 21225 31+830 

3 P A R A M E T E R 
L O G N O R M A L 

-1018 
78 

6 90 
l'+57 
3010 
33 61 
1+6 6a 
56 02 
6389 
73 06 
79 35 
97 80 

11395 
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02Gfl013 

in 
0 9 9 

C O N E S T G G G R I V E R NEAR CONESTOGO 
C U M U L A T I V E P R O B A B I L I T Y I N P E R C E N T 
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1000 100 



C 2 G A 0 1 3 CONESTOGO RIVER NEAR CONESTOGO 

D R A I N A G E AR^A 3 1 7 S O . M I . 

P E R I O D OP" RECOPO 1 9 4 6 - 5 8 

REGULATED 

S E R I E S 

M E A N 

STANDARD 

D E V I A T I O N 

C O E E F I C I E N T 

OP V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

1 0 6 8 2 . 3 1 5 8 2 4 . 0 3 . 5 4 5 . 3 3 7 

LOG X 3 . 9 4 4 6 8 . 3 2 1 6 2 . 0 8 1 5 3 - 1 . 4 1 4 6 3 

LOG ( X - A ) 4 . 3 9 2 4 6 . 1 0 1 1 5 .0 2 3 0 3 - . 1 4 5 7 1 

C A L C U L A T E D MEDIAN CX S E R I E S ) = 9 9 9 3 . 3 3 

P f l R a M E T E R A = - 1 4 6 2 2 . 5 0 

MEAN ( 3 L N T H F O P E T I C A L ) = 1 0 7 4 2 . 3 7 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 
T P GUMBEL PEAPSON PEARSON NORMAL LOG NORMAL 

l . C l 9 9 4 8 9 - 1 4 1 8 770 1 5 7 2 - 2 6 1 
1.05 9 5 2 5 9 5 1 6 9 1 2 1 0 9 2 6 0 3 2 2 0 6 
1.11 90 3 8 8 5 34 59 3 2 9 8 3 t t 0 6 3 6 9 1 
1.25 80 5641 5710 52 54 4 7 1 9 5 6 6 7 

2 . 0 0 5G 9 7 6 9 1 G 356 1 0 3 8 4 880 3 10 0 64 
2 , 3 3 4 2 , 9 2 1 0 8 0 8 1 1 4 2 0 1 1 6 4 7 1 0 0 7 4 1 1 1 3 3 

5 . 0 0 20 1 5 3 2 3 1 5 4 6 4 1 6 2 4 3 1 6 4 2 4 1 5 4 1 2 

1 0 . DC I C 1 9 0 0 1 1 8 3 2 4 1 9 0 0 9 2 2 7 5 0 1 8 6 5 4 

2 0 . 0 0 c 2 2 5 2 8 2C7 86 2 0 9 4 0 2 9 7 6 7 2 1 5 9 0 
5 0 . 0 0 2 2 7 0 9 4 2 3 6 7 2 2 2 6 5 0 4 0 2 9 8 2 5 2 0 9 

1 0 0 . 0 0 1 3 0 5 1 6 2 5 6 5 8 2 3 5 0 4 4 9 2 9 0 2 7 8 1 4 
1 0 0 0 , 0 0 , 1 4 1 8 2 2 3 1 5 3 3 2 4 8 2 0 8 6 7 9 3 3 6 G 7 9 

1 0 0 0 0 . 3 0 ,01 5 3 1 0 8 3 6 7 1 2 2 5 0 7 5 1 3 8 3 9 0 4 4 0 9 3 
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O 99 

C R E D I T R I V E R AT E R I N D A L E 
CUMULATIVE PROBABILITY IN PER CENT 
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FIGURE 33.FLOOD FREQUENCY ANALYSIS - ANNUAL FLOOD SERIES 
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02HBCQ2 CRCOTT RIVER AT ERINOALE 

DRAINAGE AREA 320 SO, MI. 

PERIOD OE RECORD 1946-71 

REGULATED 

SERIES 
MEAN 

STANDARD 
DEVIATION 

COEFFICIENT 
OF VARIATION 

COEFFICIENT 
OF SKEW 

3886.46 2289.95 .589 1.640 

LOG X 3.52644 .23801 ,06749 .04472 

LOG «X-A) 3.69588 ,1649 8 ,04464 , 5 3 9 l » 8 

CALCULATED MEDIAN (X SFFIES)= 3340,00 

PARAMETER A = -1458.04 

MEAN (3 LN THEORETICAL) - 3877.91 

FLOOD ESTIMATES CES 

LOG L O G 3 PARAMETER 
T P GUMBEL PEARSON PEARSON NORMAL LOG NOR 

1.01 99 637 1161 956 939 593 
1.05 95 1285 1394 1373 1364 1199 
1.11 90 1683 1624 1669 1664 15 92 
1.25 80 2223 20 31 2116 2118 211+7 
2.0C 5C 3495 3306 3 3 4 7 336 0 3506 
2.33 42.92 3 815 3682 36 9« 3713 3861 
5.00 20 52C6 5401 5324 5331 5377 

10,OC IC 6338 6891 68G2 6785 6621 
20. OC c 71+25 835? 8336 8278 7816 
5C.0C 2 8831 10270 10 495 10358 9374 

IGC.OC 1 9885 11717 12242 12C2 3 10554 
1000.OG .1 13367 16575 18927 18276 14599 

10000.00 .01 16843 21548 272G9 25312 18940 
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02HB001 C R E D I T R I V E R NEAR CflTflRflCT 

O 99 95 90 

C U M U L A T I V E P R O B A B I L I T Y IN P E R C E N T 
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C2HB001 CREDIT RIVER MEA<̂  CATARACT 

DRAINAGE AREA 62 SO. MI. 

PERIOD OF PECORD 1916-71 

NATURAL FLOW 

SERIES 
MEAN 

STANDARD COEFFICIENT COEFFICIENT 
DEVIATION OF VARIATION OF SKEW 

79^.3? 43U.32 . 5 U 6 1.1*13 

LOG X 2.84009 .27792 .08377 - .41482 

LOG fX-A) 2.96u79 .17781 .06006 .11392 

CALCULATED MEDIAN (X SERIES)= 689.00 

PARAMETER A = -198 .08 

MEAN (3 LN THEOPETICAL) = 795.45 

FLOOD ESTIMATES CFS 

LOG LOG 
T P GUMPEL PEARSON PEAPSON NORMAL 

1.01 99 135 219 164 193 
l . O E 95 268 2 86 264 281 
1.11 90 35C 343 336 3«*2 
1.25 80 461 4 36 442 436 
2.QC 50 722 698 718 691 
2.33 42.92 788 772 792 764 
5.00 20 1073 1G98 1105 1G97 

10.00 10 1306 1371 1356 1396 
20.OC 1529 1633 1590 1704 
50.0 0 2 1818 1971 188? 2131 

100.00 1 2034 2223 2C93 2474 
1000.00 .1 2749 30 55 2751 3760 

1000 0.0 0 .01 3463 3890 3357 5310 

3 PARAMETER 
LOG NORMAL 

15t* 
2 67 
342 
449 
715 
7 86 

1091 
1346 
1593 
1920 
2169 
3039 
3992 
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0?HK003 CROMF PTVFR AT MARMORA 

ORAINAGF AREA 770 SQ. MI, REGULATED 

PERIOD OF RECORD 1960-71 

SERIES 
MEAN 

STANDARD 
DEVIATION 

COEFFICIENT 
OF VAPIATION 

COEFFICIENT 
OF SKEW 

3S33.33 1423.03 .371 1 . 4 9 3 

LOG X 3.EF97'} .14621 .04107 . 6 0 5 6 6 

LOG (X-A) 3.79479 08907 .02347 . 9 5 0 9 2 

CALCULATED MEDIAN CX SERIES)= 3670.CO 

PARAMETER A = -2529.00 

MEAN (3 LN THEORETICAL) = 3937,64 

FLOOD ESTIMATES CFS 

T P GUMBEL PEARSON 

1,01 99 1793 2G15 
1,05 95 2202 2208 
1.11 90 2452 2379 
1.25 BC 2793 2664 
2.0 C 50 3594 35G0 
2. 33 42.92 379"̂  3739 
5.00 2C 4671 4808 

10.00 IC 5384 5713 
20.00 c 6068 6590 
50. OC 2 6954 7728 

100,OC 1 7618 8579 
1000.00 .1 9911 11407 

lOOQO.GG ,01 120G0 14266 

LOG LOG 3 PARAMETER 
PEAPSON NORMAL LOG NORMAL 

1926 1658 1340 
2222 2085 1920 
2423 2356 2263 
2720 2733 2716 
3508 3628 3705 
3730 3858 3942 
1,747 t^^iPi t̂ gfliO 
5673 5^87 5580 
6645 6313 6206 
8C41 7246 6971 
9197 7940 7516 

13865 10 270 9219 
2022Q 12696 10 84Q 
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02HM002 DEPOT C R E E K AT B E L L R O C K 
°° C U M U L A T I V E P R O B A B I L I T Y IN P E R CENT 

" 0 9 9 95 90 80 50 20 10 5 2 1 0.10 0.01 

o> 
OD 
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U3 -| 1 1 1 1 1 1 1 1 1 1 

(SI 

1-01 1.05 1.11 1.25 2 5 10 20 50 100 1000 10000 
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OtFOT CREEK AT B E L L R O C K 

DRAINAGE AREA 6 9 S O . M l . 

P E R I G O OF RECORD 1 9 5 7 - 7 1 

REGULATED 

S E R I E S 
MEAN 

STANDARD 

O E V I A T I C N 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 
OF SKEW 

LOG X 

LOG ( X - A ) 

.60 

2 . 5 8 7 3 2 

2 . 4 9 7 9 3 

1 5 2 . 7 9 

. 1 5 3 4 2 

. 1 8 5 1 4 

.37 2 

. 0 5 9 3 0 

.07 4 1 2 

.8 96 

. 4 2 6 5 8 

. 3 4 4 4 1 

C A L C U L A T E D MEDIAN (X S E R I E S ) = 3 7 2 . 3 3 

PARAMETER A = 6 7 . 3 1 

MEAN ( 3 L N T H E C R E T I C A L ) = 4 1 1 . 9 7 

FLCOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 

GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1.01 99 1 7 8 1 5 4 1 8 9 1 7 0 184 

1.05 9 5 2 2 5 2 0 3 2 2 6 2 1 6 2 2 3 

1.11 9f; 2 5 3 2 3 5 250 2 4 5 2 4 9 

1.25 80 2 9 2 2 8 0 2 8 5 2 8 7 2 87 

2 . 0 0 5C 3 8 2 3 8 8 3 7 7 3 8 6 3 82 

2 . 3 3 U 2 . 9 2 4 0 5 4 1 5 4 0 2 4 1 2 4 07 

5.U0 2 0 5 0 5 5 2 7 515 5 2 0 5 1 7 

1 0 . 0 0 10 5 8 6 6 1 4 6 1 5 6 0 8 6 1 0 

2 0 . 0 0 5 6 6 3 6 9 3 7 1 9 6 9 1 7 0 1 

5 0 . 0 0 2 7 6 4 7 9 2 8 6 3 7 9 8 8 22 

1 0 0 . 0 0 1 83 9 8 6 2 9 8 1 8 7 9 9 1 5 

1 0 0 0 . 0 0 .1 1 0 8 8 1 0 8 6 1 4 3 5 1 1 5 1 1 2 4 2 

1 0 0 0 0 . 0 0 .01 1 3 3 7 1 2 9 8 2 0 1 8 1 4 3 9 16 04 
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C2HC005 DON RIVER AT YORK MILLS 

DRAINAGE AREA 34 SQ . MI, NATURAL FLOW 

PERIOD OF RECORD 1951 -71 

SERIES STANDARD COEFFICIENT COEFFICIENT 
MEAN DEVIATION OF VARIATION OF SKEW 

X 607.71 415,40 • 684 1.433 

LOG X 2.70056 .26957 .09982 .37316 

LOG fX-A) 2.79879 .22185 .07927 .57596 

CALCULATED MEDIAN (X SERIES)= 455,40 

PARAMETER A = -111 .06 

MEAN C3 LN THEORETICAL) = 605.81 

FLOOD ESTIMATES CRS 

LOG LOG 3 PARAMETER 
T P GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1.01 99 38 61 140 118 80 
1.05 95 150 124 193 180 160 
1.11 90 218 177 233 226 215 
1.25 8C 312 264 295 297 298 
2.0C 50 531 514 482 501 518 
2.33 42.92 586 584 540 561 579 
5.00 20 826 8 96 833 846 856 

10.00 10 1022 1157 1134 1112 1100 
20.00 c, 1209 1409 1481 1393 1346 
50.00 2 1452 1735 2026 1795 1685 

100.00 1 1633 1978 2516 2126 1953 
1000.00 .1 2231* 2781 4787 3416 2938 

lOCOC.OC .01 2834 3588 8470 5050 4096 

71 
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G2HC006 DUFFIN CREEK AT PICKERING 

DRAINAGE AREA 110 SQ. MI. 

PERIOD OF RECORO 1 9 4 6 - 7 1 

NATURAL FLOW 

SERIES 
MEAN 

STANDARD 
DEVIATION 

COEFFICIENT 
OF VARIATION 

COEFFICIENT 
OF SKEW 

X 1 4 8 6 . 6 2 8 0 5 . 7 1 542 . 3 3 8 

LOG X 3 . 0 9 6 1 2 . 2 8 0 5 7 09062 - . 5 4 4 9 2 

LOG fX-A) 4 . 3 3 9 1 4 . 0 1 5 9 4 00367 . 2 6 5 4 5 

CALCULATED MEDIAN CX SERIES)= 1 5 0 8 . 3 3 

ADJUSTED HEOIAN= 1 4 7 1 . 7 5 

PARAMETER A = - 2 0 3 6 2 . 1 1 

MEAN (3 LN THEORETICAL) = 1 4 8 6 . 6 6 

FLOOD ESTIMATES CFS 

LOG LOG 3 PARAMETER 
T P GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1 . 0 1 99 76 - 1 8 6 215 2 7 7 - 3 1 4 
1 . 0 5 95 365 243 394 431 192 
1 . 1 1 90 542 4 8 7 530 5 4 5 468 
1 . 2 5 80 783 798 IkZ 7 2 4 807 
2 . 0 0 50 1350 1441 1322 1 2 4 7 1 4 7 2 
2 . 3 3 4 2 . 9 2 1493 1588 1481 1 4 0 3 1618 
5 . 0 0 20 2113 2148 2169 2 1 4 9 2 1 5 7 

1 0 . 0 0 10 2618 2543 2 7 2 4 2 8 5 6 2 5 2 4 
2 0 . 0 0 5 3102 2884 3238 3 6 1 1 2831 
5 0 . 0 0 2 3729 3284 3875 4 7 0 3 3 1 8 2 

1 0 0 . 0 0 1 4199 3559 4327 5 6 0 6 3418 
lOOG.OO . 1 5752 4 3 7 2 5695 9 1 8 4 4095 

1 0 0 0 0 . 0 0 . 0 1 7302 5090 6885 1 3 7 9 8 4 6 6 7 
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02HC019 DUFFIN CREEK BELOW ARTHUR PERCY DAM 

DRAINAGE AREA 34 SQ. MI. 

PERIOD OF RECORD 1961-71 

NATURAL FLOW 

SERIES 
MEAN 

STANDARD 
DEVIATION 

COEFFICIENT 
OF VARIATION 

COEFFICIENT 
OF SKEW 

LOG X 

LOG (X-A) 

396.91 

2.53956 

2.54116 

233.19 

•23041 

.22969 

• 588 

•09073 

.09039 

± • 2 7 4 

.61313 

•61560 

CALCULATED MEDIAN {X SERIES)= 309^33 

PARAMETER A = - 1 . 1 4 

MEAN (3 LN THEORETICAL) = 398,71 

FLOOD ESTIMATES CFS 

LOG LOG 3 PARAMETER 
T p GUMBEL PEARSON PEARSON NORMAL LOG NOR 

1.01 99 77 66 123 100 100 
1.05 95 140 112 160 144 144 
1.11 90 178 147 183 175 175 
1.25 80 231 201 219 221 221 
2.00 50 354 349 328 346 346 
2.33 42.92 38if 389 361 381 381 
5.00 20 519 564 528 541 541 

10.00 10 628 707 700 683 6 83 
20.00 5 731+ 842 899 829 828 
50^00 2 870 1016 1216 1G29 1029 

100.00 1 971 1144 1503 1189 1188 
1000.00 .1 1308 1561 2881 1784 1780 

10000.00 .01 1644 1975 5239 2492 2485 
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02HC009 EAST HUH8ER RIVER NEAR PINE GROVE 

DRAINAGE AREA 76 SQ, MI, NATURAL FLOW 

PERIOD OF RECORO 1954-71 

SERIES STANDARD COEFFICIENT COEFFICIENT 
MEAN DEVIATION OF VARIATION OF SKEW 

X 718,72 629,60 .876 2.789 

LOG X 2.74771 .30566 .11124 .34346 

LOG (X-AJ 3.28856 .10839 .03296 1.80361 

CALCULATED MEDIAN (X SERIES)= 614.75 

PARAMETER A = -1291.52 

MEAN 13 LN THEORETICAL) = 713.33 

FLOOD ESTIMATES CFS 

T P GUMBEL PEARSON 

1.01 99 -16 255 
1.05 95 127 267 
1.11 90 215 270 
1.25 80 335 294 
2.00 50 616 484 
2.33 42.92 687 563 
5.00 20 996 1000 

10.00 10 1247 1453 
20.00 5 1488 1943 
50.OC 2 1799 2640 

IOC.00 1 2033 3196 
1000.00 .1 2805 5208 

10000.00 .01 3576 7433 

LOG LOG 3 PARAMETER 
PEARSON NORMAL LOG NORMAL 

130 108 -203 
188 175 -2 
233 226 119 
306 309 283 
537 559 651 
611 635 742 
996 1011 1106 

1409 1378 1384 
1898 1780 1638 
2694 2374 1953 
3428 2875 2181 
6997 4922 2910 

13134 7669 3626 
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02HBG0<t EAST OAKVILLE CREEK NEAR OMAGH 

DRAINAGE AREA 77 SO. MI. 

PERIOD OF RECORD 1957-71 

NATURAL FLOW 

SERIES 
MEAN 

STANDARD 
DEVIATION 

COEFFICIENT 
OF VARIATION 

COEFFICIENT 
OF SKEW 

LOG X 

LOG (X-A) 

1275.80 

3.07135 

3.98891 

498.70 

. 18664 

.0220 3 

CALCULATED MEDIAN (X SERIES)= 1353.33 

ADJUSTED MEDIANS 1263.04 

PARAMETER A = -8483.90 

MEAN (3 LN THEORETICAL) = 1276.39 

.391 

.06077 

.00552 

.475 

-.63427 

.30846 

FLOOD ESTIMATES C^S 

T P GUMBEL PEARSOi 

1.01 99 390 290 
1.05 95 574 527 

1.11 90 686 667 
1.25 80 839 849 
2.00 50 1199 1236 
2.33 42.92 1290 1327 
5.00 20 1684 1679 

10.00 10 2004 1934 
20.00 5 2312 2157 
50.00 2 2710 2422 

100.00 1 3008 2607 

lOOG.OO .1 3994 3163 
10000.00 .01 4979 3664 

LOG LOG 3 PARAMETER 
PEARSON NORMAL LOG NORMAL 

356 433 179 
542 581 483 
665 679 650 
837 820 856 

1232 1178 1264 
1328 1274 1354 
1702 1692 1689 
1968 2044 1918 
2194 2389 2112 
2451 2849 2334 
2621 320 2 2484 
3083 41*46 2918 
3431 5829 3288 

79 



02Gfl029 ERflMGSfl R I V E R ABOVE G U E L P H 
C U M U L f i T I V E P R O B f l B I L I T Y IN P E R C E N T 

o 99 95 90 80 50 20 10 0.10 0.0 
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02GA029 ERAMOSA RIVER ABOVE GUELPH 

DRAINAGE AREA 91 SQ. MI, 

PERIOD OR RECORO 1962-71 

REGULATED 

SERIES 
MEAN 

STANDARD 
DEVIATION 

COEFFICIENT 
OF VARIATION 

COEFFICIENT 
OF SKEW 

661.10 242,88 .367 .0 37 

LOG X 

LOG (X-A) 

2.79Q42 

3.61856 

.17599 

.02539 

.06307 

.00702 

-.57368 

-.05399 

CALCULATED MEDIAN CX SERIES)= 654.00 

PARAMETER A = -3500,17 

MEAN (3 LN THEORETICAL) = 661.74 

FLOOD ESTIMATES CFS 

LOG LOG 

T P GUMBEL PEARSON PEARSON NORMAL 

1.01 99 228 102 203 240 

1,05 95 317 264 298 316 

1.11 90 372 350 360 367 
1.25 80 447 456 446 t»38 

2.00 50 623 659 641 617 

2.33 42.92 667 703 688 664 
5.00 20 859 865 873 868 

10.00 10 1016 973 100 5 1037 

2G.00 5 1166 1063 1118 1202 

50.00 2 1360 1164 1249 1418 

100.QC 1 1506 1232 1336 1584 

1000.00 .1 1987 1424 1578 2158 
10000.00 .01 2467 1583 1768 2786 

3 PARAMETER 
LOG NORMAL 

126 
273 
354 
455 
654 
699 
864 
978 

1074 
1184 
1259 
1477 
1663 

81 
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02HCU17 ETOBICOKE CREEK AT BRAMPTON 

DRAINAGE AREA 24 SQ. MI. NATURAL FLOW 

PERIOD OF RECORD 1958 -71 

SERIES STANDARD COEFFICIENT COEFFICIENT 
MEAN DEVIATION OF VARIATION OF SKEW 

X 466.50 237.60 .509 .420 

LOG X 2.61189 .23652 .09055 -.11959 

LOG (X-A) 3.52136 .03069 .00872 .34009 

CALCULATED MEDIAN (X SERIES)= 458.00 

PARAMETER A = -2862.94 

MEAN (3 LN THEORETICAL) = 466.98 

FLOOD ESTIMATES CFS 

LOG LOG 3 PARAMETER 
T P GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1.01 99 -12 109 115 -44 
1.05 95 154 105 164 167 94 
1.11 90 202 174 202 203 171 
1.25 8C 269 263 259 258 2 66 
2.00 50 424 449 413 409 458 
2.33 42.92 461* 493 l»56 451 501 
5.00 20 634 660 649 647 662 

10.00 10 773 779 816 822 773 
20.00 5 906 883 983 1002 868 
50.00 2 1079 1006 1208 1252 977 

100.00 1 1208 1091 1384 1452 1052 
1000.00 .1 1635 1346 2008 2201 1269 

10000.00 .01 2061 1574 2704 3102 1457 
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Q2HCij02 ETOBICOKE CREEK NEAR SUMMERVILLE 

DRAINAGE AREA 64 SQ. MI. 

PERIOD OF RECORD 1946-62 

NATURAL FLOW 

SERIES 
MEAN 

STANDARD 
DEVIATION 

COEFFICIENT 
OF VARIATION 

COEFFICIENT 
OF SKEW 

2057.29 1048.45 . 5 1 0 . 605 

LOG X 

LOG (X-A) 

3.25411 

3.68448 

.24443 

.0 905 9 

.07511 

.02459 

-.45382 

.18702 

CALCULATED MEDIAN (X SERIES)= 1943.33 

PARAMETER A = -2879.56 

MEAN (3 LN THEORETICAL) = 2062.64 

FLOOD ESTIMATES CFS 

LOG LOG 3 PARAMETER 
T P GUHBEL PEARSON PEARSON NORMAL LOG NORI 

1.01 99 305 85 402 484 97 

1.05 95 663 530 665 711 551 
1.11 90 882 800 854 872 821 
1.25 80 1180 1159 1136 1117 1177 
2.00 50 1882 1952 1872 1795 1956 
2.33 42.92 2058 2143 2069 1988 2143 
5.00 20 2826 2893 2905 2883 2884 

10.00 10 3450 3449 3573 3693 3438 
20.00 5 4050 3941 4191 4531 3935 
50.00 2 4826 4535 4958 5703 4542 

100.00 1 5407 4953 5507 6647 4976 
1000.OC .1 7328 6231 7201 1Q218 6333 

10000.00 .01 9246 7406 8730 14567 7627 
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02GOC10 F I S H CREEK NEAR PROSPECT HILL 

DRAINAGE AREA 58 S Q . MI . NATURAL FLOW 

PERIOD OF RECORD 1946 -71 

S E R I E S STANDARD C O E F F I C I E N T C O E F F I C I E N T 
MEAN DEVIATION OF VARIATION OF SKEW 

X 1 4 6 7 . 0 0 7 6 9 . 8 9 . 5 2 5 . 6 6 6 

LOG X 3 . 0 9 7 8 4 . 2 6 9 3 4 . 0 8 6 9 5 - . 8 4 7 3 5 

LOG t X - A ) 3 . 7 2 9 2 1 . 0 6 0 4 4 .01621 . 3 0 1 4 1 

CALCULATED MEDIAN (X S E R I E S ) = 1 4 1 1 . 6 7 

PARAMETER A = - 3 9 4 4 . 3 0 

MEAN (3 LN THEORETICALI = 1 4 6 8 . 2 9 

FLOOD E S T I M A T E S CFS 

LOG LOS 3 PARAMETER 
T P GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1 .01 99 151 52 203 296 - 6 6 
1 . 0 5 95 421 361 398 451 319 
1 .11 90 587 551 547 565 540 
1 . 2 5 8C 812 808 775 743 823 
2 . 0 0 50 1342 1382 1364 1252 1416 
2 . 3 3 4 2 . 9 2 1475 1522 1517 1402 15 53 
5 .00 2C 2054 2076 2126 2111 20 82 

IG .OG 10 2526 2490 2566 2774 2463 
2 0 . 0 0 5 2979 2860 2935 3474 2795 
50 .OG 2 3565 3308 3347 4477 3190 

1 0 0 . 0 0 1 4004 3626 3611 5300 3465 
1 0 0 0 . 0 0 .1 5454 4602 4279 8513 4296 

l O O C C . f l O .01 6902 5507 4718 12583 5051 
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02HD002 GflNflRflSKfl R I V E R NEAR D A L E 
C U M U L A T I V E P R O B A B I L I T Y IN P E R C E N T 
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C2HOC02 GANARASKA R I V E R NEAR DALE 

D R A I N A G E AREA 1 0 1 S Q . M I . 

P E R I O D OF RECORD 1 9 E 1 - 7 1 

REGULATED 

S E R I E S 

MEAN 
STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

1 4 0 6 . 9 5 9 C 9 . 8 9 ,647 1 . 0 5 8 

LOG X 

LOG ( X - A ) 

3 . 0 6 4 9 9 

3 . 1 5 3 0 3 

, 2 7 6 9 8 

. 2 3 0 4 4 

. 0 9 0 3 7 

. 0 7 3 0 8 

. 1 1 1 5 0 

. 2 8 1 4 1 

C A L C U L A T E D MEDIAN ( X S E R I E S r = 1 0 9 2 . 6 0 

PARAMETER A = - 2 2 4 . 2 3 

MEAN C3 LN T H E O R E T I C A L ) = 1 4 1 3 , 1 7 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 

T p GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1,01 9 9 62 - 1 2 2 7 7 2 6 3 1 8 9 

1,05 9 5 3 3 0 2 2 5 4 1 5 40 6 3 7 0 

1.11 90 4 9 4 3 9 2 5 1 6 5 1 2 4 96 

1.25 80 717 6 3 6 676 6 7 8 6 8 5 

2 . 0 0 50 1 2 4 1 1 2 5 1 1 1 4 7 1 1 6 1 1 1 9 8 

2 . 3 3 4 2 . 9 2 1 3 7 2 1 4 1 2 1 2 8 9 1 3 0 4 1 3 4 2 

5 . 0 0 20 1 9 4 6 2 0 8 6 1 9 7 9 1 9 8 7 1 9 9 9 

10.OC ID 2 4 1 3 2 6 2 1 2 6 4 9 2 6 3 0 2 5 8 4 

2 0 . 0 0 5 2 8 6 3 3 1 1 9 3 3 8 2 3 3 1 6 3 1 8 0 

5 0 . 0 0 2 3 4 4 0 3 7 4 3 4 4 7 0 4 3 0 4 4 0 0 5 

lOG.OO 1 3 8 7 4 4 1 9 8 5 3 9 3 5 1 1 9 4 6 6 2 

1 0 0 0 . 0 0 .1 5 3 1 0 5 6 5 3 9 2 2 9 8 3 3 3 7 1 0 5 

1 0 0 0 0 . O C . 0 1 6 7 4 2 7 0 6 6 1 4 5 3 2 1 2 4 5 5 1 0 0 1 4 
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FIGURE 4 7 . F L O O D FREQUENCY ANALYSIS - ANNUAL FLOOD SERIES 



02HO003 GANARASKA RIVER NEAR OSACA 

DRAINAGE AREA 26 SQ . M I . REGULATED 

PERIOD OF RECORD 1960 -71 

S E R I E S STANDARD C O E F F I C I E N T C O E F F I C I E N T 
MEAN DEVIATION OF VARIAT ION OF SKEW 

X 3 2 3 . 7 5 144 .80 . 4 4 7 1 . 5 4 8 

LOG X 2 . 4 7 3 9 9 .18538 . 0 7 4 9 3 - . 0 4 9 4 2 

LOG <X-A) 2 . 6 4 1 7 7 .12710 . 0 4 8 1 1 . 4 4 5 3 3 

CALCULATED MEDIAN CX S E R I E S ) = 2 9 9 . 5 0 

PARAMETER A = - 1 3 2 . 7 9 

MEAN (3 LN T H E O R E T I C A L ) = 3 2 4 . 6 7 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 
T P GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1 .01 99 106 143 108 110 89 
1 . 0 5 95 150 161 146 147 138 
1 .11 90 177 177 171 172 168 
1 . 2 5 80 214 205 208 207 209 
2 . 0 0 50 301 288 298 297 305 
2 . 3 3 4 2 . 9 2 323 312 322 321 329 
5 . 0 0 20 417 421 427 426 427 

1 0 . O G 10 495 514 513 514 505 
20 .OC 5 569 605 597 601 576 
5 0 . 0 0 2 665 722 707 715 666 

1 0 0 . 0 0 1 736 811 791 803 732 
1 0 0 0 . 3 0 .1 974 1106 1080 1113 949 

1 0 0 0 0 . 0 0 . 0 1 1211 1405 1393 1457 1169 
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02Gfl001 GRAND R I V E R AT BELWOOD 

Ui 
O 99 95 90 80 

CUMULfiTIVE PROBf iB IL ITY IN PER CENT 
50 2 0 10 5 2 0 . 1 0 0 . 0 1 
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1.01 1 . 0 5 1.11 1 . 2 5 2 5 10 20 50 100 1000 10000 

RECURRENCE INTERVAL IN YEARS 

FIGURE 4 8 . F L O O D FREQUENCY ANALYSIS - ANNUAL FLOOD SERIES 



G2GflCDl GRAND RIVER AT BELWOOD 

DRAINAGE AREA 28C S Q . MI . 

PERIOD OF RECORD 1914 -23 

NATURAL FLOW 

S E R I E S 
MEAN 

STANDARD 
DEVIATION 

C O E F F I C I E N T 
OF VARIATION 

C O E F F I C I E N T 
OF SKEW 

LOG X 

LOG <X-A) 

5 5 8 9 . 0 0 

3 . 7 2 1 8 6 

3 . 5 6 8 8 9 

1975 .06 

.15910 

. 2 2 9 1 4 

. 3 5 3 

. 0 4 2 7 5 

.06420 

. 322 

- . 2 0 0 2 3 

- . 5 1 2 4 3 

CALCULATED MEDIAN CX S E R I E S ) = 5 0 5 0 . 0 0 

PARAMETER A = 1 4 3 1 . 3 8 

MEAN (3 LN THEORETICAL) = 5 6 9 0 . 6 1 

FLOOD E S T I M A T E S CFS 

LOG LOS 3 PARAMETER 
T P GUMBEL PEARSON PEARSON NORMAL LOG NORI 

1 .01 99 2272 1463 2130 2247 2517 
1 . 0 5 95 2951 2530 2827 2884 2987 
1 .11 90 3367 3135 3271 3295 3315 
1 . 2 5 80 3932 3903 3887 3871 3807 
2 . 0 0 50 5263 5483 5335 5270 5137 
2 . 3 3 4 2 . 9 2 5598 5844 5700 5634 5510 
5 . 0 0 20 7053 7212 7196 7175 7210 

1 0 . 0 0 10 8238 8178 8357 8430 8720 
2 0 . 0 0 F 9375 9008 9423 9629 10258 
5 0 . 0 0 2 10846 9979 10749 11185 12384 

1 0 0 . 0 0 1 11949 10646 11707 12357 14074 
1 0 0 0 . 0 0 .1 15593 12616 14750 16349 20351 

1 0 0 0 0 . O C . 0 1 19230 14348 17675 20593 27811 
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02GB001 GRAND RIVER AT BRANTFGRD 

DRAINAGE AREA 2010 SO . MI . REGULATED 

PERIOD OF RECORO 19U8-71 

S E R I E S STANDARD C O E F F I C I E N T C O E F F I C I E N T 
MEAN DEVIATION OF VARIAT ION OF SKEW 

X 2 2 5 5 8 . 3 3 1 1 5 9 6 . 0 5 . 5 1 4 . 6 9 6 

LOG X 4 . 2 9 4 5 8 . 2 3 8 8 7 . 0 5 5 6 2 - . 3 3 8 7 5 

LOG ( X - A ) 4 . 5 6 7 3 3 .12790 .02800 . 1 6 3 6 9 

CALCULATED MEDIAN (X S E R I E S ) = 2 0 7 2 5 . 0 0 

PARAMETER A = - 1 5 9 4 8 . 2 2 

MEAN (3 LN T H E O R E T I C A L ) = 2 2 6 1 2 . 6 6 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 
T P GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1.0 1 99 3569 1501 4786 5482 2665 
1 .05 95 7428 6023 7587 7973 6799 
1 .11 90 9793 8833 9574 9735 9365 
1 . 2 5 80 13008 12638 12545 12401 12 8 68 
2 . 0 0 50 20 572 21231 20324 19705 20977 
2 . 3 3 4 2 . 9 2 22476 23330 22427 21780 2 3010 
5 . 0 0 2C 30748 31706 31513 31311 313 68 

1 0 . 0 0 10 37485 37990 38971 39885 37914 
20 .OG 5 43948 43618 46048 48698 43 991 
5 0 . 0 0 2 52313 50459 55G83 60983 51663 

1 0 0 . 0 0 1 58582 55313 61738 70824 57302 
1 0 0 0 . 0 0 .1 79295 70303 83282 107814 75 7 83 

1 0 0 0 0 . 0 0 . 0 1 99972 842 45 104228 152463 94483 
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FIGURE 5 0 . F L O O D FREQUENCY ANALYSIS - ANNUAL FLOOD SERIES 
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02GAD02 GRAND RIVER AT CONESTOGO 

DRAINAGE AREA 550 S Q . MI . 

PERIOD OR RECORD 1914-23 

NATURAL FLOW 

S E R I E S 
MEAN 

STANDARD 
DEVIATION 

C O E F F I C I E N T 
OE VARIATION 

C O E F F I C I E N T 
OF SKEW 

LOG X 

LOG ( X - A ) 

8 1 2 3 . 0 0 

3 . 8 9 8 9 3 

4 . 3 0 1 5 4 

1 8 0 3 . 3 4 

. 10524 

.03992 

. 2 2 2 

. 0 2 6 9 9 

. 00928 

- . 4 9 9 

- . 9 0 7 2 2 

- . 6 5 5 4 7 

CALCULATED MEDIAN (X S E R I E S ) = 8 4 1 5 . 0 0 

ADJUSTED MEDIAN= 8 0 4 1 . 7 7 

PARAMETER A = - 1 1 9 7 5 . 7 5 

MEAN (3 LN T H E O R E T I C A L ) = 8 1 3 2 . 3 1 

FLOOD EST IMATES CFS 

LOG LOG 3 PARAMETER 
T p GUMBEL PEARSON PEARSON NORMAL LOG NORI 

1 .01 99 4595 32 76 3859 t+509 1*193 
1 .05 95 5339 4924 5052 5318 5237 
1 .11 90 5794 5738 5733 5807 5821 
1 . 2 5 80 6413 6666 6582 6461 6556 
2 . 0 0 50 7870 8271 8212 7923 8047 
2 . 3 3 4 2 . 9 2 8236 85 90 8555 8280 8385 
5 . 0 0 20 9829 9666 9739 9717 9659 

I C . O G 10 11127 10315 10457 10810 10552 
2 0 . 0 0 5 12371 10812 10996 11804 11316 
5 0 . 0 0 2 13982 11332 11540 13C34 12209 

1 0 0 . 0 0 1 15189 11654 11862 13922 12821 
1 0 0 0 . 0 0 .1 19178 12467 12594 16754 14625 

1 0 0 0 0 . 0 0 .01 23160 130 40 13013 19517 16211 



02Gfl003 GRAND R I V E R AT GflLT 
CUMULATIVE PROBABIL ITY IN PER CENT 

0 9 9 9 5 90 80 5 0 20 10 5 2 1 0 . 1 0 0 . 

00 

1.01 1 . 0 5 1.11 1 . 2 5 2 5 10 20 50 100 1000 

RECURRENCE INTERVAL IN YEARS 

FIGURE 5 1 . F L O O D FREQUENCY A N A L Y S I S - ANNUAL FLOOD SERIES 



02GA003 GRAND RIVER AT GALT 

DRAINAGE AREA 1360 S O . MI . 

PERIOD OF RECORO 1914-71 

REGJLATEO 

S E R I E S 
MEAN 

STANDARD 
DEVIATION 

C O E F F I C I E N T 
OF VARIAT ION 

C O E F F I C I E N T 
OF SKEW 

1 7 6 1 6 . 7 2 7 5 9 8 . 8 6 .1*31 . 646 

LOG X 

LOG ( X - A ) 

4 . 2 0 3 2 6 

4 . 5 2 7 8 2 

. 20412 

.09314 

. 0 4 8 5 6 

. 0 2 0 5 7 

- . 7 4 2 2 5 

. 1 3 1 2 7 

CALCULATED MEDIAN (X S E R I E S ) * 1 6 7 5 8 . 3 3 

PARAMETER A = - 1 6 8 7 5 . 9 5 

MEAN (3 LN THEORETICAL) = 1 7 6 2 2 . 0 7 

FLOOO EST IMATES C - S 

LOG LOG 3 PARAMETER 
T p GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1 .01 99 4534 4636 4169 5351 3596 
1 . 0 5 95 7234 7176 6770 7370 6815 
1 .11 90 8888 8828 8537 3741 8733 
1 , 2 5 80 11138 11134 11046 10749 11268 
2 . 0 0 50 16430 16566 16909 15968 16838 
2 . 3 3 4 2 . 9 2 17762 17929 18336 17394 18180 
5 . 0 0 20 23550 23487 23865 23720 23511 

1 0 . 0 0 10 28265 27756 27745 29170 275C8 
2 0 . 0 0 5 32787 31640 30978 3 l » 5 9 6 31101 
5 0 . 0 0 2 38640 36427 34575 4192 9 35500 

100 .00 1 43026 39862 36903 47647 38646 
l O O O . O C .1 57520 50638 42954 68232 48532 

1 0 0 0 0 . 0 0 .01 71988 60850 47195 91746 57995 
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02Gfl022 GRAND R I V E R AT NALDEMAR 

O 99 9 5 9 0 80 
CUMULATIVE P R O B A B I L I T Y IN PER CENT 
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FIGURE 5 2 . F L O O D FREQUENCY A N A L Y S I S - ANNUAL FLOOD SERIES 



02GA022 GRANO RIVER AT WALOEMAR 

DRAINAGE AREA 253 S Q . MI . 

PERIOD OF RECORO 1953-64 

REGULATED 

S E R I E S 
MEAN 

STANDARD 
DEVIATION 

C O E F F I C I E N T 
OF VARIAT ION 

C O E F F I C I E N T 
OF SKEW 

4 7 6 7 . 5 0 2 0 3 5 . 0 3 . 4 2 7 . 109 

LOG X 

LOG ( X - A ) 

3 . 6 3 4 9 0 

4 . 6 3 7 8 6 

. 21464 

. 0 2 0 3 2 

.05905 

. 00438 

- . 7 5 6 7 4 

. 0 2 5 7 1 

CALCULATED MEDIAN (X S E R I E S ) = 4 7 8 5 . 0 0 

ADJUSTED MEDIANS 4 7 1 9 . 8 3 

PARAMETER A = - 3 8 7 1 3 , 1 0 

MEAN (3 LN THEORETICAL) = 4 7 7 0 . 4 3 

FLOOO E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 
T P GUMBEL PEARSON PEARSON NORMAL LOG NORHAL 

1 . 0 1 99 1117 197 1046 1366 245 
1 . 0 5 95 1873 1484 1747 1913 1506 
1 .11 90 2337 2183 2232 2 2 8 9 2195 
1 . 2 5 80 2967 3044 2930 2845 3046 
2 . 0 0 50 4449 4730 4587 4314 4723 
2 , 3 3 4 2 . 9 2 4822 5101 4994 4720 5095 
5 . 0 0 20 6443 6469 6582 6540 6469 

1 0 . 0 0 10 7764 7398 7702 8129 7408 
2 0 . 0 0 5 9030 8177 8638 9727 8198 
5 0 . 0 0 2 10670 9065 9682 11906 9104 

1 0 0 . 0 0 1 11898 9663 10356 13619 9717 
1 0 0 0 . 0 0 .1 15957 11374 12107 19867 11479 

1 0 0 0 0 . 0 0 . 0 1 20009 12819 13327 27125 12983 
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02GB002 GRAND R I V E R RT YORK 
° C U M U L f i T I V E P R O B A B I L I T Y I N P E R C E N T 

"cD S9 95 90 80 50 20 10 5 2 1 0.10 0.01 
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0 2 G B 0 0 2 GRAND R I V E R AT YORK 

DRAINAGE AREA 2280 S O . H I . 

PERIOD OF RECORD 1 9 1 4 - 2 3 

REGULATED 

S E R I E S 
HEAN 

STANDARD C O E F F I C I E N T C O E F F I C I E N T 
D E V I A T I O N OF V A R I A T I O N OF SKEW 

LOG X 

LOG ( X - A ) 

24830.00 

4 . 3 7 7 8 7 

4 . 9 4 6 7 1 

6 6 2 6 . 8 9 

. 1 3 6 8 2 

. 0 3 3 1 8 

. 2 6 7 

. 0 3 1 2 5 

,00671 

- . 4 9 9 

-1.55510 

- .77775 

C A L C U L A T E D MEDIAN (X S E R I E S M 2 5 2 5 0 . 0 0 

ADJUSTED MEDIAN= 2 4 5 8 1 . 7 0 

PARAMETER A = - 6 3 8 5 0 . 9 8 

MEAN « 3 LN T H E O R E T I C A L ) * 2 4 8 5 7 . 2 8 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 
T p GUMBEL PEARSON PEARSON NORMAL LOG NOI^MAL 

1 . 0 1 99 11201 7C21 8252 1 1 4 7 2 10200 
1 . 0 5 95 1 4 1 1 4 13076 1 2 9 4 2 1 4 2 1 7 1 4 1 5 5 
1 . 1 1 90 15899 16066 15760 1 5 9 3 9 1 6 3 4 8 
1 . 2 5 80 1 8 3 2 7 19477 1 9 2 9 6 1 8 3 0 9 190 90 
2 . 0 0 50 24036 2 5 3 7 7 2 5 7 6 3 2 3 8 7 1 2 4601 
2 . 3 3 4 2 . 9 2 25473 26548 2 7 0 1 4 2 5 2 7 9 2 5 8 3 9 
5 . 0 0 20 31718 30501 3 0 8 7 6 3 1 1 2 2 3 0 4 7 7 

1 0 . 0 0 10 36804 32888 3 2 7 8 8 3 5 7 4 9 3 3 7 0 2 
2 0 . 0 0 5 41683 34714 33960 40080 3 6 4 4 5 
5 0 . 0 0 2 47998 36623 3 4 8 7 6 4 5 5 9 2 3 9 6 2 9 

1 0 0 . 0 0 1 52730 37808 3 5 2 7 8 1*9671 4 1 8 0 2 
1 0 0 0 . 0 0 . 1 68367 40795 35762 6 3 1 8 7 4 8 1 5 2 

1 0 0 0 0 . 0 0 . 0 1 83976 4 2 8 9 9 3 5 7 9 6 7 7 0 5 9 5 3 6 7 4 
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02Gfl016 GRAND R I V E R BELOW SHflND DflM 

CD 99 9 5 90 80 

C U M U L A T I V E P R O B A B I L I T Y IN P E R C E N T 
50 2 0 10 5 2 0 . 1 0 0 . 0 1 

7 ^ 

l . O l 1 . 0 5 l . U 1 . 2 5 2 5 10 20 50 100 1000 

R E C U R R E N C E I N T E R V A L IN Y E A R S 

F I G U R E 54.F L O O D F R E Q U E N C Y A N A L Y S I S - A N N U A L FLOOD S E R I E S 

10000 



C2GAC16 GRANO RIVER BELOW SHAND DAM 

DRAINAGE AREA 3D9 SQ. MI. 

PERIOD OF RECORO 1951-71 

REGULATED 

SERIES STANDARD COEFFICIENT COEFFICIENT 
MEAN DEVIATION OF VARIATION OF SKEW 

X 3655.95 2091.37 .572 .883 

LOG X 3.46721 .34354 .09908 -1.37122 

LOG CX-A) 4.77685 .01500 .00314 .72414 

CALCULATED MEDIAN (X SERIES)= 3634.00 

ADJUSTED MEDIAN= 3619.39 

PARAMETER A = -56198.64 

MEAN f3 LN THEORETICAL) = 3655.93 

FLOOD ESTIMATES CFS 

LOG LOG 3 PARAMETER 
T P GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1.01 99 27 137 221 465 -994 
1.05 95 779 809 639 798 318 
1.11 90 1240 1251 1026 1063 1031 
1.25 80 1867 1873 1680 1506 1907 
2.00 50 3341 3354 3480 2932 3621 
2.33 42.92 3712 3729 3939 3386 3 998 
5.00 20 5324 5262 5653 5707 5386 

10.00 10 6638 6447 6723 8084 6329 
20.00 5 7897 7529 7491 10773 7117 
50.00 2 9528 8867 8192 14888 8C18 
100.00 1 10749 9829 8553 18462 8624 

1000.00 .1 14787 12859 9145 33787 10356 
10000.00 .01 18817 15744 9285 55613 11820 
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RECURRENCE INTERVAL IN YEARS 

FIGURE 55.FLOOD FREQUENCY A N A L Y S I S - ANNUAL FLOOD SERIES 
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02HF002 GULL RIVER AT NORLAND 

DRAINAGE AREA 495 SQ. MI. 

PERIOD OF RECORD 1962-71 

REGULATED 

SERIES 
MEAN 

STANDARD 
DEVIATION 

COEFFICIENT 
OF VARIATION 

COEFFICIENT 
OF SKEW 

1512.40 492.78 .326 . 101 

LOG X 3.15720 .15088 .04779 - .44488 

LOG «X-A) 3.51193 .0 6574 .01872 - .11842 

CALCULATED MEDIAN (X SERIES)= 1475.00 

PARAMETER A = -1771.40 

MEAN (3 LN THEORETICAL) = 1516.33 

FLOOD ESTIMATES CPS 

LOG LOG 3 PARAMETER 
T p GUMBEL PEARSON PEARSON NORMAL LOG NORi 

1.01 99 645 402 572 640 514 
1.05 95 824 716 778 810 762 
1.11 90 934 886 908 919 905 
1.25 80 1083 10 95 1082 1071 1089 
2.00 50 1434 1504 1473 1436 1478 
2.33 42.92 1523 1594 1567 1529 1569 
5.00 20 1907 1924 1933 1924 1920 

10.00 10 2220 2149 2197 2241 2175 
20.00 5 2520 2336 2426 2543 2398 
50.00 2 2908 2550 2693 2931 2664 

100.00 1 3200 26 94 2875 3222 2850 
1000.00 .1 4162 3106 3399 420 1 3417 

10000.OO .01 5122 3452 3834 5229 3936 
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0 2 H C 0 1 3 HIGHLAND C R EEK NEAR WEST H I L L 

0-99 9 5 90 80 

CUMULATIVE P R O B A B I L I T Y IN PER CENT 
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FIGURE 5 6 . F L O O O FREQUENCY ANALYSIS - ANNUAL FLOOD SERIES 
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02HCD13 HIGHLAND CREEK NEAR WEST HILL 

DRAINAGE AREA 34 S Q . MI . 

PERIOD OF RECORD 19E7-71 

NATURAL FLOW 

S E R I E S 
M E A N 

STANDARD 
DEVIATION 

C O E F F I C I E N T 
OF VARIATION 

C O E F F I C I E N T 
OF SKEW 

4 6 5 . 2 7 236 .44 . 508 . 4 6 6 

LOG X 

LOG ( X - A ) 

2 . 6 0 9 2 4 

3 .24450 

.24228 

.05720 

. 0 9 2 8 5 

. 0 1 7 6 3 

- . 3 3 2 0 7 

. 2 6 2 1 0 

CALCULATED MEDIAN (X SERIES)= 4 4 9 . 3 3 

PARAMETER A = - 1 3 0 5 . 0 1 

MEAN (3 LN T H E O R E T I C A L ) = 4 6 6 . 1 4 

FLOOD E S T I M A T E S C^S 

T P GUMBEL PEARSON 

1 .01 99 69 - 3 
1 . 0 5 95 150 110 
1 .11 90 199 176 
1 . 2 5 80 266 262 
2 . 0 0 50 425 447 
2 . 3 3 4 2 . 9 2 464 490 
5 . 0 0 20 637 656 

1 0 . 0 0 10 778 777 
2 0 . 0 0 913 882 
5 0 . OG 2 1088 1007 

100 .00 1 1219 10 95 
1 0 0 0 . 0 0 . 1 1652 1357 

1 0 0 0 0 . 0 0 . 0 1 2084 1593 

LOG LOG 3 PARAMETER 
PEARSON NORMAL LOG NORMAL 

97 111 - 1 2 
154 162 108 
195 198 178 
257 254 266 
419 40 6 450 
463 450 493 
654 650 656 
812 831 773 
963 1018 875 

1155 1279 996 
1298 1488 1080 
1763 2279 1332 
2218 3239 1561 
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HORNER C R E E K NEAR MOUNT VERNON 
CUMULATIVE P R O B A B I L I T Y IN PER CENT 
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FIGURE 5 7 . F L O O D FREQUENCY A N A L Y S I S - ANNUAL FLOOD SERIES 
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02GB008 HORNER CREEK NEAR MOUNT VERNON 

DRAINAGE AREA 148 S Q . MI . NATURAL FLOW 

PERIOD OF RECORD 1961-71 

S E R I E S 
MEAN 

STANDARD 
DEVIATION 

C O E F F I C I E N T 
OF V A R I A T I O N 

C O E F F I C I E N T 
OF SKEW 

LOG X 

LOG ( X - A ) 

1 2 9 9 . 1 8 

3 . 0 5 2 5 9 

4 . 1 8 7 9 6 

6 3 2 . 8 7 

. 2 6 0 1 9 

. 0 1 7 8 6 

CALCULATED MEDIAN IX S E R I E S ) = 1 3 5 3 . 3 3 

ADJUSTED MEDIAN= 1 2 8 6 . 1 9 

PARAMETER A = - 1 4 1 2 8 . 3 4 

MEAN (3 LN T H E O R E T I C A L ) = 1 3 0 0 . 0 6 

.437 

. 0 8 5 2 4 

. 0 0 4 2 7 

- . 0 9 4 

- . 7 6 7 9 4 

- . 1 4 3 0 3 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 
GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1 .01 99 155 - 2 1 6 201 280 - 1 1 9 
1 . 0 5 95 392 241 376 421 278 
1 .11 9G 537 481 507 52 3 495 
1 . 2 5 80 734 769 706 681 762 
2 . 0 0 50 1198 1309 1217 1128 1287 
2 . 3 3 4 2 . 9 2 1315 1423 1349 1258 1403 
5 .0O 2C 1822 1834 1883 1869 1830 

1 0 . 0 0 10 2235 2103 2276 2433 2121 
2 0 . 0 0 5 2631 2323 2612 3 0 2 4 2 3 66 
5 0 . 0 0 2 3144 2566 2995 3863 2646 

lOG.OO 1 3528 2727 3247 4547 2834 
1 0 0 0 . 0 0 .1 4799 3170 3911 7187 3376 

1 0 0 0 0 . 0 0 .01 6C66 3527 4381 10 48 3 3835 
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FIGURE 5 8 . F L O O D FREQUENCY ANALYSIS - ANNUAL FLOOD SERIES 



02GBCC6 HORNER CREEK NEAR PRINCETON 

DRAINAGE AREA 58 S Q . HI. 

PERIOD OF RECORD 1954-71 

REGULATED 

SERIES 
MEAN 

STANDARD 
DEVIATION 

COEFFICIENT 
OF VARIATION 

COEFFICIENT 
OF SKEW 

1021.56 441.70 .432 .234 

LOG X 

LOG (X-A) 

2.96G8Q 

3.85716 

.23111 

.C2653 

.07806 

.00688 

-1.25302 

.08967 

CALCULATED MEDIAN CX SERIES)= 1008.00 

PARAMETER A = -6188.37 

MEAN (3 LN THEORETICAL) = 1022.14 

FLOOD ESTIMATES CFS 

LOG LOG 3 PARAMETER 
T P GUMBEL PEARSON PEARSON NORMAL LOG NOR 

l.Ql 99 212 70 167 264 55 

1.05 95 380 325 330 380 320 
1.11 9C 484 467 449 461 466 
1.25 8C 624 645 622 583 647 
2.00 50 955 1004 1016 913 10Q8 
2.33 42.92 1038 10 85 1106 1006 1089 
5.G 0 20 140G 1387 1426 1430 1388 
10.00 IG 1694 1597 1618 1807 1595 
20.00 c 1976 1776 1757 2192 1769 
50.0 0 2 2342 1983 1886 2725 1971 
ICC.OC 1 2616 2124 1955 3150 2107 

ICOC.OG .1 3521 2535 2082 U730 2504 
lOOOG.OC .01 4425 2892 2125 6615 2845 
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02HC003 

O 99 

HUMBER R I V E R AT NESTON 
CUMULATIVE PROBABIL ITY IN PER CENT 
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FIGURE 59 .FLOOD FREQUENCY ANALYSIS - ANNUAL FLOOD SERIES 
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0 2 H C 0 0 3 HUH8ER R I V E R AT WESTON 

D R A I N A G E AREA 3 0 9 S Q . M I . 

P E R I O D 0- RECORD 1 9 4 6 - 7 1 

R E G J L A T E O 

S E R I E S 

MEAN 
STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OP" V A R I A T I O N 

C O E F F I C I E N T 
OF SKEW 

4 6 7 5 . 4 6 5 4 3 1 . 8 9 1.162 4 . 1 3 1 

LOG X 

LOG ( X - A » 

3 . 5 3 4 7 6 

4 . 0 9 3 5 8 

. 3 2 2 5 8 

. 1 2 0 0 1 

. 0 9 1 2 6 

. 0 2 9 3 2 

. 4 6 0 8 9 

2 . 7 4 4 7 4 

C A L C U L A T E D MEDIAN (X S E R I E S ) = 3 4 2 0 . 0 0 

PARAMETER A = - 8 3 3 0 . 8 3 

MEAN ( 3 L N T H E O R E T I C A L ) = 4 5 5 6 . 0 8 

FLOOD E S T I M A T E S C-S 

LOG LOG 3 PARAMETER 

T p GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

i . a i 99 - 3 3 6 - 1 2 2 4 7 8 3 60 8 - 1 8 0 8 

1.05 95 625 1 4 5 8 1 1 2 0 1 0 0 9 - 4 5 7 

1.11 9C 1 2 1 4 1 9 2 6 1 3 8 2 1 3 2 1 3 7 3 

1.25 80 2 0 1 6 20 45 1 8 1 4 1 8 3 2 1 4 9 8 

2.GO 5C 3 9 0 1 2 4 2 8 3 2 3 6 3 4 2 5 4 0 7 3 

2 . 3 3 4 2 . 9 2 4 3 7 5 2 7 7 2 3 7 0 6 3 9 2 1 4 7 1 3 

5.0C 20 6 4 3 7 56G0 6 2 5 7 6 4 0 2 7 3 2 3 

1 0 . 0 0 10 8 1 1 6 9 3 9 6 9 1 3 3 8 8 7 7 9 3 4 7 

20.OC r 9 7 2 7 140 44 1 2 7 0 6 1 1 6 2 5 1 1 2 1 2 

5 0 . 0 0 2 1 1 8 1 2 2 1 2 5 1 1 8 8 0 7 1 5 7 5 2 1 3 5 5 0 

1 0 0 . 0 0 1 1 3 3 7 4 2 7 3 6 6 2 4 7 1 0 1 9 2 7 8 1 5 2 5 9 

1 0 0 0 .OC . 1 1 8 5 3 7 5 1 1 7 4 5 6 1 1 6 3400 4 2 0 8 0 4 

l O u O C . O C .01 2 3 6 9 1 7 9 4 2 0 1 1 7 3 6 9 5 4 2 9 5 2 6 3 4 4 

115 



02HC012 HUMBER R I V E R NEAR CEDAR M I L L S 
CUMULf lT lVE P R O B A B I L I T Y IN PER CENT 

O d 9 9 5 90 80 5 0 2 0 10 0 . 1 0 0 . 0 

o i • 

o o -

c~ -

CO 

t o 

I O 

CO I I 1 1 1 1 j 1 1 1 
(NJ 

O 
^—* ___^^_^^______„_ ^_ 

l . O l 1 . 0 5 1.11 1 . 2 5 2 5 10 20 50 100 1000 1 

RECURRENCE INTERVAL IN YEARS 

FIGURE 6 0 . F L O O D FREQUENCY A N A L Y S I S - ANNUAL FLOOD SERIES 



C 2 H C o l 2 HUMBER R I V E R NEAR CEDAR M I L L S 

D R A I N A G E AREA 6E S Q . M I . 

P E R I O D OF RECORD 1 9 5 7 - 7 1 

NATURAL FLOW 

S E R I E S 

MEAN 

STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

5 3 5 . 2 0 379.8G .710 1. 8 2 9 

LOG X 2 . 6 4 2 0 0 . 2 8 1 4 8 . 1 0 6 5 4 . 1 5 6 1 5 

LOG ( X - A ) 2 . 9 8 8 8 2 . 1 3 8 6 9 . 0 4 6 4 0 . 9 6 7 5 8 

C A L C U L A T E D MEDIAN (X S E R I E S ) = 4 5 9 . 3 3 

PARAMETER A = - 4 9 1 . 3 3 

HEAN <3 L N T H E O R E T I C A L ) = 5 3 4 . 2 4 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 

T p GUMBEL PEARSON PEAPSON NORMAL LOG NORMAL 

l . Q l 9 9 2 6 1 2 3 1 0 4 9 7 - 2 7 

1.05 9 5 126 147 1 5 5 1 5 0 85 

1.11 9C 188 1 7 7 1 9 3 1 9 1 1 5 5 

1.25 8C 272 2 3 4 2 5 3 2 5 4 2 5 3 

2.00 50 4 6 9 4 2 9 4 3 1 4 3 8 4 8 3 

2 . 3 3 4 2 . 9 2 5 1 9 4 9 0 4 8 5 4 9 3 5 4 1 

5.0C 20 735 7 7 4 7 5 2 7 5 6 7 8 3 

IC.OC 10 910 10 27 1 0 1 6 1 0 0 6 9 7 6 

2 0 . 0 0 • p. 1 0 7 9 1 2 8 0 1 3 0 9 1 2 7 3 1 1 5 6 

5 0 . 0 0 2 1 2 9 7 1 6 1 6 1 7 5 1 1 6 6 0 1 3 8 6 

I C C . 0 0 1 1 4 6 1 1 8 7 2 2 1 3 2 1 9 8 0 1 5 5 7 

ICOQ.OC .1 2 0 0 1 2 7 4 5 3 7 5 8 3 2 4 9 2 1 2 3 

lOOOC.C C . 0 1 254C 3 6 5 1 6 0 9 4 i»887 2 7 0 5 
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RECURRENCE INTERVAL IN YEARS 

FIGURE 6 1 . F L O O D FREQUENCY ANALYSIS - ANNUAL FLOOD S E R I E S 



0 2 G 8 0 0 9 KENNY C R E E K NEAR BURFORD 

D R A I N A G E AREA 36 S Q . M I . 

P E R I O D OF RECORD 1 9 6 1 - 7 1 

NATURAL FLOW 

S E R I E S 

MEAN 

STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

LOG X 

LOG ( X - A ) 

6 8 1 . 4 5 

2 . 7 4 9 9 3 

2 . 8 2 4 8 4 

4 2 8 . 4 3 

.29505 

.24689 

.629 

. 1 0 7 2 9 

. 0 8 7 4 0 

. 8 9 1 

- . 4 0 0 1 4 

- . 1 3 0 0 2 

C A L C U L A T E D MEDIAN ( X S E R I E S ) = 534.00 

PARAMETER A = -88.41 

MEAN (3 L N T H E O R E T I C A L ) = 696.85 

FLOOD E S T I M A T E S C-S 

LOG LOG 3 PARAMETER 

T p GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1.01 99 29 -36 95 115 89 
1.Q5 95 160 99 171 183 173 
1.11 9C 240 139 229 235 233 
1.25 8C 350 316 322 317 325 
2 . ac 5C 607 619 588 562 579 
2.33 42.92 671 695 663 636 652 
5. OC 20 953 ICIO 1004 996 989 

10.00 10 1182 1253 1297 1343 1296 
20.OC c. 14G1 1475 1583 1719 1613 
50.OG 2 1686 17 50 1955 2269 2059 

IOC.0 0 1 1899 1948 2 234 2730 2418 
l a c c . o G .1 2603 2572 315k !*587 3781 

l o o o c a c .CI 33C6 3166 4C62 7G38 5448 
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0 2 G C 0 0 2 K E T T L E C R E E K AT S T . THOMAS 
CUMULATIVE PROBABIL ITY IN PER CENT 

9 9 9 5 90 8 0 50 20 10 0 . 1 0 0 . 0 

cn • 
oo-
p- • 
<o -

eg 

CM 

1.01 1 . 0 5 1.11 1 . 2 5 2 5 10 20 50 100 1000 

RECURRENCE INTERVAL IN YEARS 

FIGURE 6 2 . F L O O D FREQUENCY ANALYSIS - ANNUAL FLOOD SERIES 



IJ2&CC02 K E T T L E CREEK AT S T . THOMAS 

DRAINAGE AREA 127 S Q . M I . 

PERIOD OF RECORD 1 9 5 7 - 7 1 

NATURAL PLOW 

S E R I E S 
MEAN 

STANDARD 
DEVIATION 

C O E F F I C I E N T 
OF VARIATION 

C O E F F I C I E N T 
OF SKEW 

LOG X 

2 3 5 5 . 1 3 

3. 2 7 8 4 1 

1 7 8 3 . 6 8 

.30094 

. 7 5 7 

.09180 

2 . 3 9 5 

- . 3 6 4 7 2 

LOG ( X - A ) 3 . 5 9 8 3 2 . 1 4 9 6 4 . 04158 1 . 0 8 9 4 4 

CALCULATED MEDIAN (X S E R I E S ) = 1 9 3 6 . 6 7 

PARAMETER A = - 1 8 6 4 . 7 5 

MEAN (3 LN THEORETICAL) = 2 3 4 3 . 4 0 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 
T P GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1.01 99 102 864 315 378 - 8 5 
l . o 5 95 548 875 567 607 385 
1 . 1 1 9C 822 918 763 780 6 84 
1 . 2 5 8G 1194 10 57 1076 1059 1102 
2 . 0 0 5C 2069 1750 1979 1898 2100 
2 . 33 4 2 . 9 2 2289 2oac 2 240 2153 2357 
5.00 20 3246 3292 3431 3402 3435 

IG.QO IC 4026 4549 4471 4615 4303 
20.00 c 4773 5865 5500 5935 5125 
50 .00 2 5741 7685 6863 7880 6182 

I O C . 0 0 1 6466 9113 7898 9514 6973 
l O O C . O O .1 8863 14156 11392 16155 9635 

10000 .00 . 0 1 11255 19600 14953 24998 12423 
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02Gfl024 

O 99 9 5 90 

L A U R E L C R E E K AT N A T E R L O O 
CUMULfiTIVE PROBf iB IL ITY IN PER CENT 
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G2GAC24 LAUREL CREEK AT WATERLOO 

DRAINAGE AREA 23 S Q . M l . 

PERIOD OF RECORD 1960-71 

REGJLATEO 

SERIES 
MEAN 

STANDARD 
DEVIATION 

C O E F F I C I E N T 
OF VARIATION 

C O E F F I C I E N T 
OF SKEW 

LOG X 

LOG CX-A) 

2 9 3 . 2 5 

2 . 3 8 1 8 3 

2 . 4 7 1 4 2 

1 6 3 . 8 1 

. 2 6 6 4 0 

. 21694 

. 5 7 8 

. 1 1 1 8 5 

. 0 8 7 7 8 

. 8 0 5 

- . 2571*9 

- . 0 2 7 7 3 

CALCULATED MEDIAN (X S F P I E S ) = 2 3 6 . 0 0 

PARAMETER A = - 4 7 . 9 5 

MEAN <3 LN THEORETICAL) = 287 .1 *8 

FLOOD E S T I M A T E S CES 

LOG LOG 3 PARAMETER 
GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

l . G l 99 27 -1 51 57 4 1 * 

1 . 0 5 95 79 55 Bk 87 82 
1 .11 90 111 92 108 109 108 
1 . 2 5 80 153 143 145 143 146 
2 .00 5C 254 2 61 247 240 248 
2 . 3 3 4 2 . 9 2 280 291 276 269 276 
5.0 0 2C 390 410 406 40 3 402 

1 0 . 0 0 IG 480 501 518 528 513 
2 0 . O t c 567 5 84 630 660 625 
5 C . 0 C 2 678 685 779 849 778 

100 .00 1 762 75 8 893 IG03 898 
1 0 0 0 . 0 0 .1 1038 984 1286 160 3 1338 

l O O C G . O C .01 1315 1198 1702 2359 18 50 
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02HC004 

O 99 95 90 

L I T T L E DON R I V E R NEAR L A N S I N G 
CUMULATIVE P R O B A B I L I T Y IN PER CENT 
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RECURRENCE INTERVAL IN YEARS 

FIGURE 6 4 . F L O O D FREQUENCY ANALYSIS - ANNUAL FLOOD SERIES 
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G2HCC04 L I T T L E DON RIVER NEAR LANSING 

DRAINAGE AREA Uk S Q . MI . 

PERIOD OF RECORD 1946-64 

NATURAL FLOW 

S E R I E S 
MEAN 

STANDARD 
DEVIATION 

C O E F F I C I E N T 
O F VARIATION 

C O E F F I C I E N T 
OF SKEW 

9 9 5 . 7 4 6 9 0 . 5 9 . 6 9 4 1. 8C9 

LOG X 2 . 9 0 3 8 6 .30230 .1Q41C- - . 1 4 8 2 7 

LOG ( X - A ) 4 . 3 7 9 2 8 .G1225 . 0 0 280 1 . 6 7 6 0 1 

CALCULATED MEDIAN <X SERIES)= 9 9 2 . 3 3 

ADJUSTED MEDIAN= 9 8 5 . 7 8 

PARAMETER A = - 2 2 9 6 2 . 2 0 

MEAN (3 LN T H E O R E T I C A L ) = 9 9 5 . 5 7 

FLOOD EST IMATES C^S 

LOG LOG 3 PARAMETER 
T p GUMBEL PEARSON PEARSON NORMAL LOG NOR 

l . Q l 99 - 7 2 39 147 158 - 5 3 4 
1 .05 95 194 2 86 247 255 - 9 9 
1.11 90 318 341 321* 328 135 
1 . 2 5 80 486 447 443 '•45 424 
2 .00 50 882 805 815 801 986 
2 . 3 3 4 2 . 9 2 982 916 924 909 1109 
5 . 0 0 20 1415 1433 1446 1440 15 62 

1 0 . 0 0 10 1767 1892 1933 1956 1868 
2 C . 0 C c 2106 2350 2443 2518 2124 
5 C . 0 0 2 2543 2958 3166 3348 2415 

1 0 0 . 0 0 1 2871 3420 3749 4045 2610 
1 0 0 0 . 0 0 .1 3956 4994 5954 6886 3167 

lOOOC.QO .01 5038 6625 8597 10676 3636 

125 



02Gfl021 L U T T E R R L C R E E K NERR O U S T I C 

O 99 95 90 80 
CUMULATIVE P R O B A B I L I T Y IN PER CENT 
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RECURRENCE INTERVAL IN YEARS 

FIGURE 6 5 . F L O O D FREQUENCY ANALYSIS - ANNUAL FLOOD S E R I E S 
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02GA021 LUTTERAL CREEK NEAR OUSTIC 

DRAINAGE AREA 21 S Q , MI . 

PERIOD OF RECORD 1954 -64 

NATURAL FLOW 

S E R I E S 
MEAN 

STANDARD 
DEVIATION 

C O E F F I C I E N T 
OF VARIATION 

C O E F F I C I E N T 
OF SKEW 

3 9 4 , 7 3 2 9 9 . S 3 .756 1 . 1 4 9 

LOG X 2 . 4 7 2 7 6 . 36323 . 1 4 6 8 9 - . 3 5 2 6 6 

LOG ( X - A ) 2 . 7 2 6 4 6 . 20839 . 0 7 6 3 2 . 2 9 5 4 7 

CALCULATED MEDIAN (X SERIES)= 3 0 6 . 0 0 

PARAMETER A = - 1 9 7 . 9 1 

MEAN (3 LN THEORETICAL) = 3 9 9 . 5 4 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 
T P GUMBEL PEARSON PEARSON NORMAL LOG NOR 

l . Q l 99 -43 - 5 3 34 42 - 2 3 
1 .05 95 44 16 69 75 44 
1 .11 90 97 66 99 101 90 
1 . 2 5 80 170 142 149 146 157 
2 .QC 5C 342 339 311 297 334 
2 . 3 3 4 2 . 9 2 385 391 362 345 383 
5.0 0 20 573 614 606 600 599 

1 0 . 0 0 10 726 7 93 836 867 786 
2C .00 5 872 961 1075 1175 973 
5 0 . 0 2 2 1062 1173 1408 1655 1227 

i O G . 0 0 1 1204 1329 1672 2077 1425 
1000 .0 0 .1 167!* 1831 2617 3936 2143 

ICOGC.OG .01 2143 2323 3656 6667 2 968 
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CUMULATIVE P R O B A B I L I T Y IN PER CENT 
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RECURRENCE INTERVAL IN YEARS 

FIGURE 6 6 . F L O O D FREQUENCY ANALYSIS - ANNUAL FLOOD SERIES 
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e2HCG18 LYNOE C R E E K NEAR WHTTBY 

DR A I N A G E AREA 41 S Q . M I . 

P E R I O D OF RECORD 1 9 5 9 - 7 1 

NATURAL FLOW 

S E R I E S 

MEAN 

STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OE V A R I A T I O N 

C O E F F I C I E N T 

OE SKEW 

4 2 0 . 1 5 2 2 2 . 5 7 .530 . 6 8 3 

LOG X 2 . 5 6 4 4 4 . 2 4 1 4 7 .09416 - . 2 0 1 4 9 

LOG ( X - A ) 2 . 7 5 2 3 1 . 1 5 8 2 5 . 0 5 7 5 0 . 1 5 0 8 3 

C A L C U L A T E D MEDIAN <X S E R I E S ) = 3 7 5 . 6 7 

PARAMETER A = - 1 8 1 . 1 0 

MEAN (3 L N T H E O R E T I C A L ) = 4 2 3 . 0 4 

FLOOD E S T I M A T E S C-S 

LOG LOG 3 PARAMETER 

T p GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1.0 1 99 67 14 92 1 0 0 61 

1.05 95 138 1 0 1 142 1 4 6 1 2 9 

1.11 90 182 156 1 7 7 1 7 9 1 7 3 

1.25 80 2 4 1 2 2 9 2 3 1 2 2 9 2 3 4 

2.00 5G 3 8 1 3 9 5 3 7 3 3 6 6 3 8 4 

2 . 3 3 42 .92 4 1 6 4 3 5 4 1 3 40 5 4 2 3 

5.uO 2G 5 6 9 5 9 6 5 8 8 5 8 5 5 8 7 

1 0 . 0 0 IG 6 9 4 7 1 6 7 3 8 7 4 8 7 2 0 

2 0 . 0 0 c 8H+ 8 2 3 885 9 1 5 8 4 8 

5 0 . 0 0 2 96 8 9 5 4 1 0 8 1 1 1 4 9 1 0 1 3 

1 0 0 . 0 0 1 1G84 10 46 1 2 3 0 1 3 3 6 1 1 3 8 

lOOC.OO .1 1 4 6 8 1 3 3 2 1 7 4 7 2 0 4 4 15 61 

1 0 0 0 0 . 0 0 .01 1850 1 5 9 7 2 2 9 8 2 9 0 1 2 0 1 1 
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LYNN R I V E R AT S I M C O E 
CUMULATIVE P R O B A B I L I T Y IN PER CENT 
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RECURRENCE INTERVAL IN YEARS 

FIGURE 6 7 . F L O O D FREQUENCY A N A L Y S I S - ANNUAL FLOOD S E R I E S 



C2GC008 LYNN RIVER AT SIMCOE 

DRAINAGE AREA 55 S Q . MI . 

PERIOD OF RFCORO 1958-71 

REGULATED 

S E R I E S 
MEAN 

STANDARD 
DEVIATION 

C O E F F I C I E N T 
OF VARIATION 

C O E F F I C I E N T 
OF SKEW 

LOG X 

5 1 0 . 2 1 

2 . 6 1 8 3 5 

3 4 0 . 9 8 

. 2933 7 

668 

. 1 1 1 9 3 

1 . 1 5 7 

. 0 6 2 4 1 

LOG ( X - A ) 3 . 1 7 8 5 8 .09006 . 0 2 8 3 3 . 7 2 4 8 3 

CALCULATED MEDIAN (X S E R I E S ) = 4 7 1 . 5 0 

PARAMETER A = - 1 0 3 0 . 1 1 

MEAN <3 LN THEORETICAL) = 5 1 1 . 2 9 

FLOOD E S T I M A T E S C ' S 

LOG LOG 3 PARAMETER 
T P GUMBEL PEARSON PEARSON NORMAL LOG NOR 

l . G l 99 3 0 89 86 - 9 8 
1 .05 95 105 79 138 136 42 
1.11 9Q 167 136 175 174 126 
1 . 2 5 80 2«^1 223 234 235 236 
2 . G C 5G 450 446 412 415 478 
2 . 3 3 4 2 . 9 2 5C0 506 466 £•69 536 
5 . OC 20 717 760 731 733 766 

10 .0 0 IC 894 965 990 986 937 
2£ .OC r 1063 1156 1275 126C 1091 
5 0 . C C 2 1283 1399 1698 166C 1279 

100 .0 c 1 1447 1577 2C58 1995 1413 
l O G C . O C . 1 1991 2152 3549 3341 18 33 

l O G C C . O C .01 2534 2716 5597 5111 2232 
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02KD001 

U3 
O 9 9 

MflDflNRSKfl RIVER AT MnOflNflSKfl 

CUMULATIVE PROBRBIL ITY IN PER CENT 
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U2KDC01 MAOAWaSKA R I V E R AT MAOAWASKA 

DR A I N A G E AREA 530 S Q . M I . 

P E R I O D OF RECORD 1 9 1 6 - 4 2 

REGULATED 

S E R I E S 

MEAN 

STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

3 3 6 3 . 7 Q 1422.SO . 4 2 3 . 780 

LOG X 3 . 4 8 7 8 3 . 1 9 3 4 8 .0551*7 - . 4 8 5 2 8 

LOG ( X - A ) 3 . 8 9 3 0 3 .0 755 9 . 0 1 9 4 2 . 3 1 0 9 7 

C A L C U L A T E D MEDIAN f X S E P I E S ) = 3 2 3 4 . 0 0 

PARAMETER A = -!*569.80 

MEAN (3 L N T H E O R E T I C A L ) = 3 3 6 6 . 1 3 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 

T p GUMBEL PEARSON PEARSON NORMAL LOG NORI 

1.01 99 968 8 6 6 9 3 2 1 0 9 1 6 4 4 

1.05 95 1 4 5 9 1 3 7 6 1 3 9 7 1 4 7 7 1300 

1.11 9G 1 7 6 1 17G0 1 7 0 6 1 7 3 7 1 6 8 3 

1.25 80 2 1 7 1 2 1 4 8 2 1 4 4 2 1 1 3 2 1 8 1 

2 . 0 0 50 3 1 3 5 3 1 8 1 3 1 8 7 3 0 7 5 3 2 4 6 

2 . 3 3 4 2 . 9 2 3 3 7 7 3 4 3 8 3 4 4 8 3 3 3 4 3 4 9 8 

5 . 0 0 20 4 4 3 2 4 4 7 3 4 5 0 2 41*74 4 4 8 0 

1 0 . 0 0 IC 5 2 9 0 5260 5 2 9 1 5 4 4 4 5 2 0 1 

2 0 . 0 0 5 6 1 1 4 5 9 7 1 5 9 8 9 6 3 9 9 5 8 3 8 

5 0 . 0 0 2 7 1 8 0 6 8 4 2 6 8 1 8 7 6 7 8 6 6 0 6 

1 0 0 . 0 0 1 7 9 7 9 7 4 6 4 7 3 9 2 8 6 6 7 7 1 4 8 

10 0 0 . 0 0 .1 1 0 6 1 9 9 4 0 3 9 0 6 7 1 2 1 8 2 8 8 1 4 

1 0 0 0 0 . 0 0 . 0 1 1 3 2 5 5 1 1 2 2 5 1 0 4 8 0 1 6 1 2 9 1 0 3 6 5 
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02KO004 HAOAWASKA RIVER AT PALMER RAPIDS 

DRAINAGE AREA 2240 S O . MI . R E G J L A T E O 

PERIOD OE RECORD 1930-71 

S E R I E S 
MEAN 

STANDARD 
DEVIATION 

C O E F F I C I E N T 
OF VARIATION 

C O E F F I C I E N T 
OF SKEW 

LOG X 

LOG f X - A ) 

7 6 4 3 . 3 3 

3 .84586 

3 . 8 6 8 7 1 

3300 .18 

.18250 

. 1 7 3 3 5 

.(•32 

. 0 4 7 I » 5 

. 04431 

1 . 0 C 4 

. 0 450 0 

. 0 9 8 3 3 

CALCULATED MEDIAN (X S E R I E S ) = 6 3 9 1 . 2 5 

PARAMETER A = -349 .1*5 

MEAN (3 LN THEORETICAL) = 7 6 5 4 . 4 7 

FLOOD EST IMATES CES 

LOG LOG 3 PARAMETER 
GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

l . G l 99 2437 2370 2675 2638 2 5 71 
1 .05 95 3489 3292 3531 3512 3483 
1 .11 90 4134 3926 4100 4091 4081 
1 . 2 5 8G 5010 4843 4918 4922 4931 
2 .0G 50 7072 7106 6990 7012 7041 
2 . 3 3 4 2 . 9 2 7591 7691 7546 7569 7598 
5.0 0 20 9846 10130 9979 9989 9991* 

1 0 . 0 0 IG 11682 12050 12041 12017 11980 
2C .0O 13444 13824 14C73 13998 13902 
5 G . 0 G 2 15724 16041 16792 16623 16433 

100 .00 1 17433 17650 18896 18636 18354 
1 0 0 0 . 0 0 .1 23080 22773 26395 25691 25023 

IQGGC.GG .01 28716 27717 34863 331*78 32278 
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C 2 K E b 0 5 MAOAWASKA R I V E R AT S T E W A R T V I L L F 

D R A I N A G E AREA 3150 S Q . M I . 

P E R I O D OE RECORD 1 9 4 9 - 7 1 

R E GULATED 

S E R I E S 

MEAN 
STANDARD 

D E V I A T I O N 
C O E F F I C I E N T 

OE V A R I A T I O N 
C O E F F I C I E N T 

OE SKEW 

1 1 5 4 3 . 9 1 4 2 3 3 . 4 0 . 3 6 7 . 7 4 4 

LOG X 

LOG ( X - A ) 

4 . 0 3 5 0 5 

4 . 0 4 1 6 4 

. 1 5 7 8 6 

. 1 5 5 5 2 

. 0 3 9 1 2 

. 0 3 8 4 8 

. 0 1 8 7 0 

. 0 2 9 8 6 

C A L C U L A T E D MEDIAN CX S E R I E S ) = 1 0 7 2 0 . 0 0 

PARAMETER A = - 1 5 5 . 9 4 

MEAN (3 L N T H E O R E T I C A L ) = 1 1 5 7 8 . 9 6 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 
T P GUMBEL PEARSON PEARSON NORMAL LOG NOR 

1.01 9 9 4 6 2 5 4 0 0 2 4 6 7 7 4 6 5 4 4 6 2 9 
1.C5 95 6 C 3 3 5 5 7 7 5 9 7 3 5 9 6 1 5 9 5 0 
1.11 9C 6 8 9 5 6 5 6 8 6 8 0 7 6 8 Q 2 6 7 9 8 
1.25 8G 8 0 6 8 7 9 2 4 7 9 7 9 7 9 8 2 7 9 8 5 
2.00 50 1 0 8 2 7 110 27 1 0 8 2 8 1 0 8 4 0 10 8 50 
2 . 3 3 4 2 . 9 2 1 1 5 2 1 1 1 7 9 1 1 1 5 6 9 1 1 5 8 1 1 1 5 9 1 
5 . 0 0 2C 1 4 5 3 8 1 4 8 6 2 1 4 7 1 6 1 4 7 2 1 1 4 7 2 3 

I C.GG I G 1 6 9 9 6 1 7 1 8 3 1 7 2 8 7 1 7 2 7 5 1 7 2 6 2 
2 0 . 0 0 5 1 9 3 5 3 1 9 2 7 3 1 9 7 4 9 1 9 7 1 1 1 9 6 80 
5 0 . 0 0 2 2 2 4 0 4 2 1 8 2 4 2 2 9 5 4 2 2 8 7 1 2 2 8 0 9 

100.OC 1 2 4 6 9 1 2 3 6 4 1 2 5 3 7 4 2 5 2 4 7 2 5 1 5 9 
lOOG.OO . 1 3 2 2 4 6 2 9 2 8 1 3 3 6 5 4 3 3 3 2 9 3 3 1 2 5 

1 0 0 0 0 . O G . 0 1 3 9 7 8 7 3 4 5 6 0 4 2 5 2 1 4 1 9 0 6 4 1 5 4 7 
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02KO006 MADAWASKA RIVER AT WHITNEY 

DRAINAGE AREA 390 S Q . MI . REGULATED 

PERIOD OF RECORD 1942-56 

S E R I E S 
MEAN 

STANDARD 
DEVIATION 

C O E F F I C I E N T 
OF VARIATION 

C O E F F I C I E N T 
OF SKEW 

3 1 0 0 . 0 0 1 5 S 1 . 6 2 .510 666 

LOG X 3 . 4 3 7 8 7 .22538 .06536 . 0 1 3 5 6 

LOG <X-A) 3 . 3 4 2 6 8 ,27898 . 08346 - . 1 9 2 8 9 

CALCULATED MEDIAN (X SERIES>= 2 4 8 0 , 0 0 

PARAMETER A = 4 6 2 , 6 5 

MEAN (3 LN THEORETICAL) = 3 1 6 8 , 3 4 

FLOOD EST IMATES C^S 

LOG LOG 3 PARAMETER 
T P GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1 ,01 99 610 194 823 819 956 
1 ,05 95 1111 828 1169 1167 1227 
1,11 90 1413 1219 1410 1409 1428 
1 , 2 5 8C 1835 1746 1769 1770 1744 
2 , 0 0 5 0 2817 2926 2737 2740 2663 
2 , 3 3 4 2 . 9 2 3064 3213 3008 3012 2936 
5 . 0 C 20 4138 4352 4241 4242 4243 

IL .00 10 5013 5203 5335 5331 5478 
2 0 . 0 0 5 5852 5962 6449 6436 6795 
5 0 . 0 0 2 6938 6883 7938 7958 8698 

100 .00 1 7752 7535 9212 9164 10 270 
lOOG .0 C .1 10441 9540 13761 13624 16485 

l O O C C . C O . 0 1 13125 11399 19180 18893 24477 
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02KF002 MAOAWASKA RIVER NEAR ARNPRIOR 

DRAINAGE AREA 3185 SQ. MI . 

PERIOD OF RECORD 1924-i»9 

REGULATED 

S E R I E S 
MEAN 

STANDARD 
DEVIATION 

C O E F F I C I E N T 
OF VARIATION 

C O E F F I C I E N T 
OF SKEW 

LOG X 

LOG ( X - A ) 

12705 .00 

4 .07897 

4 .43781 

4304.19 

.15399 

.06654 

.339 

.03775 

.01499 

.540 

- . 4 6 0 0 3 

. 13849 

CALCULATED MEDIAN (X S E R I E S ) = 12366 .67 

PARAMETER A = - 1 5 0 1 1 . 7 8 

MEAN (3 LN THEORETICAL) = 12715 .01 

FLOOD EST IMATES C - S 

LOG LOG 3 PARAMETER 
T p GUMBEL PEARSON PEARSON NORMAL LOG NORI 

i . a i 99 5124 44D4 4671 5257 4176 
1.05 95 6693 6343 6415 6693 6286 
1.11 9C 7651+ 7499 7510 7613 7504 
1.25 80 8962 90 20 8996 8898 9075 
2 .00 50 12037 12320 12322 11994 12392 
2 .33 42 .92 12811 13104 13122 12793 13167 
5 .00 2C 16174 16165 16244 16167 16165 

10 .00 10 18913 18405 18499 18896 18340 
20 .00 5 21541 20378 20447 21492 20 247 
50 .00 2 24942 22741 22719 24846 22528 

100.00 1 27491 24396 24265 27362 24125 
1000.00 .1 35912 29420 28694 35876 28986 

10000 .00 . 01 44319 33993 32355 44856 33444 
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02Ef l008 MflGNETflNflN R I V E R AT MflPLE ISLAND 
CUMULATIVE P R O B A B I L I T Y IN PER CENT 
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G2EA008 MAGNETAWAN RIVER AT MAPLE ISLAND 

DRAINAGE AREA 715 S Q . MI . REGULATED 

PERIOD OF RECORD 1946-56 

SERIES 
MEAN 

STANDARD 
DEVIATION 

C O E F F I C I E N T 
OF VARIATION 

C O E F F I C I E N T 
OF SKEW 

LOG X 

LOG t X - A ) 

4 7 6 3 . 6 4 

3 . 6 6 6 1 4 

3 . 9 6 7 8 2 

1 1 6 8 . 8 7 

.10648 

.0 5349 

. 2 4 5 

. 0 2 9 0 4 

. 01348 

. 5 7 9 

- . 0 6 2 5 0 

. 2 5 8 5 6 

CALCULATED MEDIAN (X S E R I E S ) = 4 6 9 0 . 0 0 

PARAMETER A = - 4 5 8 6 . 9 8 

MEAN (3 LN THEORETICAL) = 4 7 6 9 . 3 7 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 
T P GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1.0 1 99 2774 2542 2591 2621 2385 
1 .05 95 3185 3C5G 30 84 3&97 2 995 
1 .11 90 3436 3357 3380 3385 3342 
1 . 2 5 80 3778 3763 3774 3771 3 7 84 
2 . 0 C 5G 4583 4651 4647 4635 4698 
2 . 3 3 4 2 . 9 2 4785 4864 4859 4847 4909 
5.0 0 2G 5666 5699 5702 5698 5713 

1 0 . 0 0 10 6383 6313 6337 6348 6 2 87 
2G.00 5 7070 6857 6908 6939 6784 
5 0 . 0 0 2 7961 7510 7607 7670 7372 

100 .OC 1 8628 7970 8108 8199 7779 
l o O G . a c .1 10832 9369 9676 9889 8999 

lOOOG.QC .01 13C32 10651 11171 11540 10096 
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C2EAGQ6 HAGNETftWAN RIVER NEAR BURKS F A L L S 

DRAINAGE AREA 241 S Q . MI . 

PERIOD OF RECORD 1916-71 

REGULATED 

S E R I E S 
MEAN 

STANDARD 
DEVIATION 

C O E F F I C I E N T 
OF VARIAT ION 

C O E F F I C I E N T 
OF SKEW 

LOG X 

LOG ( X - A ) 

1 7 6 0 . 0 9 

3 . 2 1 8 8 6 

3 .17770 

6 4 0 . 3 9 

.15255 

.1670 3 

. 3 6 1 * 

. 0 4 7 3 9 

. 0 5 2 5 6 

. 882 

. 1 9 2 1 7 

. 1 3 0 3 7 

CALCULATED MEDIAN {X S E R I E S ) = 1 6 2 1 . 6 7 

PARAMETER A = 1 4 0 . 3 2 

MEAN ( 3 LN THEORETICAL) = 1 7 6 1 . 4 1 

FLOOD E S T I M A T E S C^S 

LOG LOG 3 PARAMETER 
T p GUMBEL PEARSON PEARSON NORMAL LOG NORI 

1.0 1 99 733 682 768 731 755 
1 . 0 5 95 941 888 947 928 940 
1 .11 90 1068 1023 1C63 1055 10 59 
1 . 2 5 8C 1240 1214 1228 1231 1229 
2 . 0 C 50 1647 1668 1636 1655 1645 
2 . 3 3 4 2 . 9 2 1749 1782 1745 1764 1755 
5 . 0 0 2G 2194 2252 2216 2224 2221 

IC .OO 10 2556 2614 2613 2596 2605 
2 0 . 0 0 2904 2946 3C05 2949 29 74 
5 0 . 0 0 2 3353 3355 3529 3 40 5 3457 

100 .00 1 3690 3650 3936 3747 38 23 
1 0 0 0 . 0 0 .1 4804 4577 5 401 t»900 5081 

1 0 0 0 0 . 0 0 . 0 1 5915 5459 70 88 6114 6436 
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C 2 F E C C 5 M A I T L A N D R I V E R ABOVE WINGHAM 

D R A I N A G E AREA 204 S Q . M I . R E G J L A T E O 

P E R I O D OF RECOi^D 1 9 E 3 -71 

S E R I E S STANDARD COE F F I C I E N T C O E F F I C I E N T 

MEAN D E V I A T I O N OF V A R I A T I O N OF SKEW 

X 4 0 2 8 . 0 0 2 0 3 4 . 1 1 . 5 0 5 . 5 0 3 

LOG X 3 . 5 4 3 7 9 . 2 5 2 5 9 . 0 7 1 2 8 - . 7 0 2 1 7 

LOG ( X - A ) 3 . 6 2 7 7 3 . 2 0 3 8 3 . C 5 6 1 9 - . 4 5 2 6 6 

C A L C U L A T E D MEDIAN (X S E R I E S ) = 3 5 3 3 . 3 3 

PARAMET FR A = - 6 4 8 . 9 0 

MEAN (3 L N T H E O R E T I C A L ) = 4 0 8 8 . 6 9 

FLOOO E S T I M A T E S C^S 

LOG LOG 3 PARAMETER 
T P GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1.0 1 99 555 50 674 9 3 4 7 7 5 

1.05 95 1 2 6 8 9 9 6 1 2 1 5 1 3 4 3 1 3 1 1 

1.11 90 1 7 0 4 1 5 5 5 1 6 1 2 1 6 5 9 16 76 

1.25 80 2 2 9 8 2 2 8 7 2 2 1 1 2 1 4 3 2 2 G 9 

2.0C 50 3 6 9 4 3 8 5 8 3 7 4 0 3 4 9 7 3 5 9 4 

2 . 3 3 4 2 . 9 2 4 0 4 6 4 2 2 9 4 1 3 7 3 8 8 8 3 9 7 3 

5.0C 2C 5 5 7 3 5 6 7 0 5 7 5 2 5 7 0 7 5 6 5 1 

10.GC 10 6 8 1 7 6718 6 9 5 7 7 3 7 2 7 G 9 6 

2 0 . 0 0 5 8010 7 6 3 7 8 0 0 5 9 1 0 5 8 5 3 5 

5C.0G 2 9 5 5 4 8 7 3 4 9 2 1 8 1 1 5 5 0 1 3 4 7 8 

1 0 0 . 0 0 1 1 0 7 1 2 9500 1 0 0 2 9 1 3 5 3 G 1 1 9 9 3 

IGOC.OC .1 1 4 5 3 6 1 1 8 1 4 1 2 2 4 2 2 1 1 0 0 1 7 4 4 6 

1 0 0 0 0 . O C . 0 1 1 8 3 5 3 1 3 9 1 0 1 3 8 9 6 3 0 4 3 8 2 3 6 7 2 
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C2FE002 MAITLAND RIVER 9EL0W WINGHAM 

DRAINAGE AREA 628 S Q . MI . 

PERIOD OF RECORD 1953-71 

REGULATED 

S E R I E S 
MEAN 

STANDARD 
DEVIATION 

C O E F F I C I E N T 
OF VARIATION 

C O E F F I C I E N T 
OF SKEW 

1 0 9 8 8 . 9 5 4856 .35 . 4 4 2 . 332 

LOG X 3 . 9 9 6 4 6 .20898 . 0 5 2 2 9 - . 3 6 4 2 5 

LOG ( X - A ) 4 . 1 8 2 3 4 . 1 3 5 3 5 .03236 - . 1 1 2 7 7 

CALCULATED MEDIAN (X S E R I E S ) = 1 0 2 1 0 . 0 0 

PARAMETER A = - 4 9 3 1 . 6 0 

MEAN (3 LN THEORETICAL) = 1 1 0 4 2 . 8 0 

FLOOD ESTIMATES CFS 

LOG LOG 3 PARAMETER 
T p GUM8EL PEARSON PEARSON NORMAL LOG NORMAL 

1.0 1 99 2613 878 2850 3238 2439 
1 . 0 5 95 4329 3482 4290 4494 4182 
1 . 1 1 90 5380 4962 5270 5352 5273 
1 . 2 5 80 6809 6843 6688 6614 6773 
2 . 0 0 5C 10171 1C721 10211 991 8 ID 285 
2 . 3 3 4 2 . 9 2 11017 11608 11128 10826 11173 
5 . 0 C 20 14694 14978 14960 14873 14852 

l e . G O IG 17689 17360 17980 13381 17759 
2 0 . 0 0 c 20562 19408 20762 21889 20477 
50 .OC 2 24280 21808 24215 26650 23932 

1 0 0 . 0 0 1 27066 23459 26696 30377 26485 
1 0 0 0 . 0 0 .1 36274 28338 34434 43874 34931 

1 0 0 0 0 . 0 0 . 0 1 45465 32636 41599 59411 43579 
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OaFtQOH HAITLANO RlslEU NEAR DONNYBROOK 

DRAINAGE AREA 680 SQ. M I . 

PEJ^IOC OF RECORD 1946-71 

NATURAL FLOW 

SERIES 
MEAN 

STANDARD 

O E V I A T I C N 
COEFFICIENT 
OF VARIATION 

COEFFICIENT 
OF SKEW 

13257 .69 6533 .34 .493 .6 06 

LOG X 4.06766 .23261 05719 - . 5 1 2 3 6 

LOG (X-A) 4.48565 .18813 01965 .26993 

CAtCULATED MEDIAN (X S E R I E S ) ^ 12558.33 

PARAMETER A = - 1 7 9 5 8 . 6 1 

MEAN (3 LN THEORETICAL) = 13272.00 

FLCOO ESTIMATES CFS 

LOG LOG 3 PARAMETER 
T P GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1.01 99 2368 1909 2756 3362 1124 
1.05 95 4596 418 9 4512 4841 3952 
1.11 90 5961 5652 5753 5880 5627 
1.25 80 7818 7673 7586 7443 7830 
2.00 50 12184 12396 12228 11685 126 36 
2.33 42 .92 13284 13571 13441 12882 137 87 
5.00 20 18060 18 334 18482 18345 18337 

10 .00 10 21949 21971 22389 23220 217 26 
20.00 c 25681 25265 25919 28203 247 60 
50 .00 2 30510 29310 30194 35111 28457 

100.00 1 34129 32204 33190 40618 310 91 
1000.00 . 1 460 88 41247 42084 61155 39317 

10002 . 01 58026 49775 49700 85700 47128 
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C2G8C1G HCKFNZie CREEK NEAR CALEDONIA 

DRAINAGE AREA 66 S Q . MI . 

PERIOD OF RECORD 1961-71 

REGULATED 

S E R I E S 
MEAN 

STANDARD 
DEVIATION 

C O E F F I C I E N T 
OF VARIAT ION 

C O E F F I C I E N T 
OF SKEW 

6 1 0 . 4 5 278 .71 . 4 5 7 . 1 3 6 

LOG X 2 . 7 3 9 2 3 .21716 .07928 - . 2 5 6 8 3 

LOG t X - A ) 3 .265 0 6 .06528 , 0 1 9 9 9 . 0 1 3 9 1 

CALCULATED MEDIAN (X S E R I E S ) = 5 8 9 . 3 3 

PARAMETER A = - 1 2 4 9 . 5 3 

MEAN (3 LN T H E O R E T I C A L ) = 6 1 2 . 3 7 

FLOOD E S T I M A T E S C^S 

LOG LOG 3 PARAMETER 
T p GUMBEL PEARSON PEAPSON NORMAL LOG NOR 

1 ,01 99 134 - 9 156 171 48 
1 ,05 95 231 163 232 240 188 
1 .11 90 291 257 285 288 268 
1 . 2 5 8C 372 374 362 360 372 
2 . 0 0 50 562 604 560 548 591 
2 . 3 3 4 2 . 9 2 610 655 613 600 642 
5 . 0 0 20 819 843 839 835 839 

1 0 . 0 0 10 989 971 1025 1041 982 
2 0 , 0 0 5 1151 10 79 1201 1248 1107 
5 0 . 0 0 2 1362 1203 1428 1532 1257 

1 0 0 . 0 0 1 1520 1286 1596 1755 1361 
1 0 0 0 . 0 0 .1 2042 1526 2149 2571 1679 

1 0 0 0 0 . 0 0 . 0 1 2563 1729 2702 352 4 1970 
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02GD008 MEDNflY R I V E R AT LONDON 
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C2GO0C8 HEOWAY RIVER AT LONDON 

DRAINAGE AREA 7Q S Q . MI, 

PERIOD OF RECORD i 9 « * 6 - 7 1 

NATURAL FLOW 

S E R I E S 
MEAN 

STANDARD 
OEVIA H O N 

C O E F F I C I E N T 
OF VARIATION 

C O E F F I C I E N T 
OF SKEW 

1 8 4 4 , 04 9 5 9 . 3 9 ,520 . 5 5 7 

LOG X 3 . 2 0 3 9 7 .24459 . 0 7 6 3 4 - . 2 6 9 0 1 

LOG ( X - A ) 3 . 4 2 5 9 9 .14760 .04338 . 0 5 0 3 6 

CALCULATED MEDIAN (X S E R I E S ) = 1 6 7 0 . 0 0 

PARAMETER A = - 9 7 4 . 3 1 

MEAN (3 LN T H E O R E T I C A L ) = 1 8 5 0 . 9 5 

FLOOD EST IMATES CFS 

LOG LOG 3 PARAMETER 
T p GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1 .01 99 248 5 386 431 235 
1 .35 95 572 431 607 633 550 
1 .11 90 771 686 766 776 750 
1 . 2 5 80 1041 1022 1004 995 1028 
2 . 0 0 50 1677 1755 1640 1599 1692 
2 . 3 3 4 2 . 9 2 1337 1930 1815 1772 1862 
5 . 0 0 20 2532 2613 2584 2569 25 75 

1 0 . 0 0 10 3098 3115 3232 3292 3148 
2 0 . 0 0 5 3642 3558 3861 4039 3689 
5 0 . 0 0 2 4345 40 88 4683 5085 4385 

1 0 0 . 0 0 1 4872 4461 5301 5927 4904 
1 0 0 0 . 0 0 .1 6613 5593 7379 9115 6647 

1 0 0 0 0 . 0 0 . 0 1 8350 6627 9508 12997 8467 
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0 2 F E 0 0 3 

O 99 9 5 

M I D D L E M f l l T L f l N D R I V E R NEAR L I S T O W E L 
CUMULATIVE P R O B A B I L I T Y IN PER CENT 

90 80 50 20 10 5 2 1 0 . 1 0 0 . 0 

1 .01 1 . 0 5 1.11 1 . 2 5 2 5 10 20 50 100 1000 

RECURRENCE INTERVAL IN YEARS 

FIGURE 8 0 . F L O O D FREQUENCY ANALYSIS - ANNUAL FLOOD SERIES 



C2FECG3 MIDDLE MAITLAND RIMER NEAR LISTOWEL 

DRAINAGE AREA 30 S O . MI . 

PERIOD OF RECORD 1953-71 

REGULATED 

S E R I E S 
MEAN 

STANDARD 
OEVIA TION 

C O E F F I C I E N T 
0^ VARIAT ION 

C O E F F I C I E N T 
OF SKEW 

LOG X 

LOG I X - A ) 

7 3 1 . 2 6 

2 . 8 2 0 6 2 

3 . 7 5 7 1 : 

2 8 9 . 1 4 

. 2 1 9 8 3 

.02208 

. 3 9 5 

. 0 7 7 9 4 

. 0 0 5 3 8 

- . 1 7 5 

- 1 . 3 1 5 3 1 

- . 2 8 9 1 8 

C A L C U L A T E D MEDIAN CX S E R I £ S » = 7 6 4 . 0 0 

ADJUSTED MEDIAN= 7 2 3 . 9 5 

PARAMETER A = - 4 9 9 2 . 4 6 

MEAN C3 LN T H E O R E T I C A L ) = 7 3 1 . 5 7 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 
T P GUMBEL PEARSON PEARSON NORMAL LOG NOR 

1 .01 99 165 21 129 203 86 
1 . 0 5 95 284 241 250 287 265 
1 .11 90 357 355 337 345 363 
1 . 2 5 80 456 490 461 432 484 
2 .00 50 689 739 735 661 724 
2 . 3 3 4 2 . 9 2 748 791 796 725 777 
5 . 0 0 20 1003 976 1008 1013 974 

1 0 . 0 0 10 1211 10 96 1132 1 2 6 6 1109 
2 0 . 0 0 1411 1192 1218 1521 1222 
5 0 . O C 2 1669 1297 1296 1871 1353 

1 0 0 . 0 0 1 1862 1366 1336 2147 1441 
lOf lC .QO .1 2501 1553 1405 3161 1696 

1 0 0 0 0 . 0 0 . 0 1 3139 1700 1425 4348 1914 
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02GD004 MIDDLE THAMES R I V E R AT THAMESFORD 
C U M U L A T I V E P R O B A B I L I T Y IN P E R C E N T 

O 99 9 5 9 0 80 5 0 20 10 5 2 1 0 . 1 0 0 . 0 1 

1 .01 1 - 0 5 1.1 1 1 . 2 5 2 5 10 20 50 100 1000 

R E C U R R E N C E I N T E R V A L IN Y E A R S 

F I G U R E 8 1 . F L O O D F R E Q U E N C Y A N A L Y S I S - A N N U A L F L O O D S E R I E S 

10000 



02GOC04 MIDDLE THAMES R I V E R AT THAMESFORO 

D R A I N A G E AREA 118 S Q . M I . 

P E R I O D OF RECORD 1 9 3 8 - 7 1 

REGULATED 

S E R I E S 
MEAN 

STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

2 3 2 8 . 9 7 1 1 2 9 . 2 8 . 4 8 5 . 6 4 9 

LOG X 

LOG ( X - A ) 

3 . 3 C 3 6 2 

3 . 7 0 0 6 7 

. 2 4 6 7 9 

.0 943 8 

. 0 7 4 5 9 

. 0 2 5 5 0 

- . 8 7 6 0 6 

. 0 2 6 5 0 

C A L C U L A T E D MEDIAN ( X S E R I E S ) = 2 2 0 1 . 6 7 

PARAMETER A = - 2 8 0 7 . 1 4 

MEAN ( 3 LN T H E O R E T I C A L ) = 2 3 3 2 . 3 1 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 

T p GUMBEL PEAPSON PEARSON NORMAL LOG NOR 

1.0 1 99 3 5 7 240 381 5 4 2 2 2 0 

1.05 95 764 7G0 710 7 9 9 7 0 3 

1.11 90 1 0 1 4 9 8 3 9 5 3 9 8 2 9 9 1 

1.25 80 1 3 5 3 1 3 6 2 1 3 1 4 1 2 6 1 1 3 73 

2.00 50 2 1 5 1 2208 2 2 0 7 20 3 5 2 2 1 2 

2 . 3 3 4 2 . 9 2 2 3 5 1 2 4 1 3 2 4 3 0 2 2 5 7 2 4 1 4 

5.0 0 2G 3 2 2 4 3 2 2 5 3 3 0 3 3 2 8 4 3220 

1 0 . 00 10 3 9 3 4 3 8 2 9 3 9 1 4 4 2 1 7 3 8 2 5 

2 0 . 0 0 5 4 6 1 6 4 3 6 8 4 4 1 6 5 1 8 3 4 3 6 9 

5 0 . 0 0 2 5 4 9 8 5 0 2 1 4961* 6 5 3 9 50 36 

1 0 0 . 0 0 1 6 1 6 0 5 4 8 2 5 3 0 8 7 6 3 2 5 5 1 4 

1 0 0 0 . 0 0 .1 8 3 4 4 6 8 9 9 6 1 5 6 1 1 7 8 1 7 0 1 6 

1 0 0 0 0 . 0 0 .01 1 0 5 2 5 8 2 0 8 6 6 9 1 1 6 8 5 3 8 4 5 8 
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o 

Ui 

O 99 

oo' 

CO 

at • 

_ l 
L l _ ( D -

O 

9 5 

M I S S I S S I P P I R I V E R AT flPPLETON 
CUMULATIVE PROBf lB IL ITY IN PER CENT 

90 80 5 0 20 10 5 2 0 . 1 0 0 .01 

— " " " 

X XJC-X 

y1< c 

X 

x x ^ 

X 

1 .01 1 . 0 5 l . U 1 . 2 5 2 5 10 20 50 100 

RECURRENCE INTERVAL IN YEflRS 

FIGURE 8 2 . F L O O D FREQUENCY flNflLYSIS - flNNUflL FLOOD SERIES 

1000 10000 



0 2 K F 0 C 6 M I S S I S S I P P I R I V F P AT A P P L E T O N 

D R A I N A G E AREA 1 1 2 0 S Q . M I . 

P E R I O D OF RECORO I S i g - T " ! 

REGLiLATEO 

S E R I E S 

MEAN 

STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

4 8 9 0 . 7 5 1 7 1 3 . 7 0 .350 . 2 8 3 

LOG X 3 . 6 6 1 0 3 . 1 6 3 0 7 . 0 4 4 5 4 - . 4 2 7 2 7 

LOG t X - A ) 4 . 4 7 7 4 8 .0 2 4 6 3 . 0 3 5 5 0 . 1 7 0 0 1 

C A L C U L A T E D MEDIAN CX S E R I F S ) = 4 8 9 1 . 8 2 

A D J U S T E D MEDIAN= 4 8 4 1 . 8 5 

PARAMETER A = - 2 5 1 8 1 . 8 3 

MEAN (3 L N T H E O R E T I C A L ) = 4 3 9 0 . 8 4 

FLOOO E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 

T P GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1.01 99 1 7 9 1 1 2 6 1 1 7 0 2 1 9 1 3 1 1 3 2 

1.05 9 5 2 4 3 1 2 2 1 6 2 3 6 9 2 4 7 0 2 1 6 9 

1.11 90 2 8 2 3 2 7 5 2 2 7 9 2 2 8 3 1 2 7 3 7 

1.25 80 3 3 5 6 343 0 3 3 7 5 3 3 3 9 3 4 4 3 

2 . 0 0 50 4 6 1 1 4 8 1 0 4 7 0 5 4 5 8 1 4 8 4 3 

2 . 3 3 4 2 . 9 2 4 9 2 6 5123 5 0 3 0 4 9 0 5 5 1 5 4 

5 . 0 0 20 6 2 9 8 6 3 0 4 6 3 1 6 6 2 3 5 6311 

1 0 . 0 0 IC 7 4 1 6 7 1 3 2 7 2 6 3 7 4 1 4 7 1 0 7 

2 0 . 0 0 9 4 8 7 7 8 4 0 8 0 9 2 8 4 9 7 7 7 7 9 

5 0 . 0 0 2 9 8 7 5 8 6 6 5 9 0 7 3 9 9 0 7 8 5 5 2 

1 0 0 . 0 0 1 10 9 1 4 9230 975C 1 0 9 7 3 9 0 7 7 

1 0 0 0 . O G .1 1 4 3 4 9 1 0 8 8 9 1 1 7 2 7 1 4 6 1 9 1 0 5 9 4 

lOOOu.O 0 . 0 1 1 7 7 7 8 1 2 3 3 7 1 3 4 0 8 1 8 5 2 0 1 1 8 9 5 
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0 2 K F 0 0 7 M I S S I S S I P P I R I V E R AT RAGGED CHUTE 

O 99 95 90 

CUMULATIVE P R O B A B I L I T Y IN PER CENT 
80 50 2 0 10 5 2 0 . 1 0 O.C 

a> 
00 

in 

-"^x X 
< 

< 

CO 
Li_ 
LJ ^ 3 

cn 
oo 

CO 

o 

CM 
O 

1 .01 1 . 0 5 1.11 1 . 2 5 2 5 10 20 50 100 

RECURRENCE INTERVAL IN YEARS 

FIGURE 8 3 . F L O O D FREQUENCY ANALYSIS - ANNUAL FLOOD SERIES 

1000 100 



G2KF0G7 M I S S I S S I P P I RIVEP AT RAGGED CHUTE 

DRAINAGE AREA 4G1 S Q . MI . REGULATED 

PERIOD OF RECORD 1920-56 

S E R I E S 
MEAN 

STANDARD 
DEVIATION 

C O E F F I C I E N T 
OF VARIATION 

C O E F F I C I E N T 
OF SKEW 

1 6 9 7 . 3 0 7 E 0 . 5 4 . 4 4 8 . 773 

LOG X 

LOG ( X - A ) 

3 . 1 8 6 9 3 

3 . 3 8 4 3 3 

. 19874 

. 12714 

. 0 6 2 3 6 

.03757 

- . 1 5 1 9 3 

. 1 7 1 7 2 

I CALCULATED MEDIAN (X S E R I E S ) = 1 5 7 7 . 1 4 

PARAMETER A = - 8 2 9 . 8 7 

MEAN (3 LN T H E O R E T I C A L ) = 1 6 9 9 . 0 2 

FLOOD E S T I M A T E S CES 

LOG LOG 3 PARAMETER 
T P GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1.0 1 99 448 358 504 530 396 
1 .05 95 7C2 633 710 724 666 
1 .11 90 858 807 849 855 834 
1 .25 80 1069 1047 1050 1046 1063 
2 . 0 0 50 1567 1600 1555 1537 1592 
2 . 3 3 4 2 . 9 2 1692 1737 1690 1671 1725 
5 . 0 0 20 2236 2291 2267 2260 2270 

1 0 . 0 0 10 2680 2711 2743 2765 2696 
2 0 . 0 0 5 3105 3090 3199 3264 3091 
5 0 . 0 0 2 3656 3554 3791 3936 3590 

100 .00 1 4068 3886 4235 4458 3957 
l O O C . O O .1 5431 4918 5 734 6324 5156 

lOOOG.QG . 0 1 6792 5887 7292 8437 6369 

1 6 3 



02HL001 MOIRf l R I V E R NERR FOXBORO 
2 CUMULATIVE P R O B A B I L I T Y IN PER CENT 

" 0 9 9 95 90 80 50 20 10 5 2 1 0 . 1 0 0 . 0 1 

a> 
00 

r-

C O 

U J 1 1 1 1 1 1 1 1 1 1 

to 

1 .01 1 . 0 5 l . U 1 . 2 5 2 5 10 20 50 100 1000 

RECURRENCE INTERVAL IN YEARS 

F IGURE 8 4 . FLOOO FREQUENCY ANALYSIS - ANNUAL FLOOD SERIES 

10000 



G2HLG01 MOIRfl P I V E P NEAR EOXBORO 

D R A I N A G E AREA l O l G S Q . M I . 

P E R I O D 0"^ RECORD 1 9 1 6 - 7 1 

R E G J L A T E O 

S E R I E S 

MEAN 

STANDARD C O E F F I C I E N T C O E F F I C I E N T 

D E V I A T I O N OF V A R I A T I O N OF SKEW 

7185.5 k 2 1 8 4 . Q 9 .30 4 . 0 7 4 

LOG X 3 . 8 3 4 2 4 . 1 4 6 1 5 . 0 3 8 1 2 - . 7 8 3 0 6 

LOG ( X - A ) 4 . 5 2 1 0 7 . G 2 857 . 0 0 6 3 2 - . 0 8 3 4 6 

C A L C U L A T E D MEDIAN (X S E R I E S ) = 7 1 2 8 . 3 3 

A D J U S T E D MEDIAN= 7 1 1 3 . 6 8 

PARAMETER A = - 2 6 G 7 9 . 6 9 

MEAN (3 L N T H E O R E T I C A L ) = 7 1 8 6 . 1 9 

FLOOD E S T I M A T E S CPS 

LOG LOG 3 PARAMETER 

T P GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1.01 9 9 2 9 8 2 2 2 2 3 2 5 8 6 3 1 2 0 2 4 0 4 

1.05 95 3 8 6 2 3 6 3 9 3 6 8 3 3 9 2 4 3 7 0 9 

1.11 9G 4 4 0 2 4 4 0 3 4 3 5 8 4 4 3 4 4 4 2 9 

1.25 80 5 1 3 5 5 3 3 9 5 2 5 1 5 1 4 2 5 3 2 6 

2 . 0 0 5C 6 8 6 1 7 1 5 8 7 1 2 8 6 8 2 7 7 1 1 5 

2 . 3 3 4 2 . 9 2 7 2 9 5 7 5 5 7 7 5 5 2 7 2 5 3 7 5 1 4 

5 . 0 0 20 9 1 8 2 9 0 1 6 9 1 0 1 9 0 6 3 9 0 0 5 

1 0 . 0 0 10 1 0 7 1 9 1 0 C 0 2 1 0 1 1 4 1 G 5 1 0 10 0 36 

2 C . f l C c 1 2 1 9 4 10 823 1 0 9 2 0 1 1 8 7 5 1 0 9 0 9 

5 0 . 0 0 2 1 4 1 G 2 1 1 7 5 7 1 1 7 7 9 1 3 6 2 8 1 1 9 1 8 

1 0 0 . 0 0 1 1 5 5 3 2 1 2 3 8 3 1 2 3 1 5 1 4 9 3 4 1 2 6 0 4 

1 0 0 0 . 0 0 .1 2 0 2 5 8 1 4 1 6 4 1 3 6 3 9 1 9 3 1 3 1 4 5 9 8 

1 0 0 0 0 . 0 0 . 0 1 2 4 9 7 5 1 5 6 5 7 1 4 5 0 6 2 3 8 7 4 1 6 3 2 0 
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0 2 E B 0 0 6 MUSKOKA R I V E R BELON BALA 

Ui 
O 99 95 90 80 

CUMULfiTIVE PROBf iBIL ITY IN PER CENT 
so 20 10 5 2 0.10 0.0 

C O 

Ui 



C2EB006 MUSKOKA KIVER BELOW BALA 

DRAINAGE AREA 184C S Q . HI . 

PERIOD OF RECORD 1938-71 

R E G U L A T E D 

SERIES 
M E A N 

STANDARD 
DEVIATION 

COEFFICIENT 
OF VARIATION 

COEFFICIENT 
OF SKEW 

93G7.06 2135.14 .229 - . 5 8 3 

LOG X 3.95568 .11375 .02876 -1 .17634 

LOG (X-A) 4.38900 ,03895 .00887 - .78335 

CALCULATED MEDIAN CX SERIES)= 9625.00 

ADJUSTED MEOIAN= 9213.99 

PARAMETER A = -15277,12 

MEAN (3 LN THEORETICAL) = 9311,53 

FLOOD ESTIMATES CFS 

LOG LOG 3 PARAMETER 
T P GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1,0 1 99 4770 3442 3964 4910 460 2 
1,05 95 5736 5480 5490 5868 5854 
1,11 90 6328 6474 6367 6454 6553 
1,25 80 7133 7598 7456 7242 7432 
2,00 50 9026 9512 9487 9029 9213 
2,33 42.92 9503 9887 9898 9470 9616 
5,00 20 11574 11134 11255 11257 11134 

10.00 10 13260 11874 12016 12632 12197 
20.00 5 14878 12432 12548 13892 13106 
50.00 2 16972 13006 13041 15463 14167 

100,00 1 18 542 13357 13307 16605 14894 
1000,00 ,1 23727 14220 13815 20284 17034 

10000,00 .01 28903 14806 14016 23923 18912 
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U3 
O 9 9 95 90 80 

CUMULATIVE PROBABIL ITY IN PER CENT 
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to 
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) 
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RECURRENCE INTERVAL IN YEARS 

FIGURE 86 .FLOOD FREQUENCY ANALYSIS - ANNUAL FLOOD SERIES 

1000 10000 



C 2 E B G Q F M U S K O K A R I V E R NEAR B A L A 

D R A I N A G E A R E A 1 8 6 8 S Q . M I . 

P E R I O D OF R E C O R O 1 9 2 4 - 3 7 

R E G U L A T E D 

S E R I E S 
M E A N 

S T A N D A R D 
D E V I A T I O N 

C O E F F I C I E N T 
OF V A R I A T I O N 

C O E F F I C I E N T 
OF S K E W 

L O G X 

8 4 8 3 . 5 7 

3 . 9 1 7 3 8 

2 0 7 9 . 0 0 

. 1 0 0 5 8 

. 2 4 5 

. 0 2 5 6 8 

. 9 7 0 

. 5 8 9 4 6 

L O G ( X - A ) 3 . 5 4 6 8 9 . 2 2 3 5 5 . 0 6 3 0 3 . 0 6 5 2 2 

C A L C U L A T E D M E D I A N ( X S E R I E S ) = 7 8 3 5 . 0 0 

P A R A M E T E R A = 4 5 0 2 . 8 6 

M E A N ( 3 L N T H E O R E T I C A L ) = 8 5 2 4 . 6 6 

F L O O D E S T I M A T E S C P S 

L O G L O G 3 P A R A M E T E R 
T P G U M B E L P E A R S O N P E A R S O N N O R M A L L O G N O R H A L 

1 . 0 1 9 9 5 3 3 0 5 1 1 2 5 3 3 3 4 8 2 4 5 5 6 6 
1 . 0 5 9 5 5 9 6 3 5 7 1 7 5 8 9 3 5 6 4 8 6 0 1 3 
1 . 1 1 9 0 6 3 5 0 6 1 2 8 6 2 5 9 6 1 4 3 6 3 2 3 
1 . 2 5 8 0 6 8 7 8 6 7 1 7 6 7 8 0 6 8 0 2 6 7 8 6 
2 . 0 0 5 0 8 1 1 9 8 1 5 6 9 0 8 3 8 2 6 7 8 0 2 5 
2 . 3 3 4 2 . 9 2 8 4 3 1 8 5 2 5 8 4 3 0 8 6 2 3 8 3 7 1 
5 , 0 0 2 0 9 7 8 8 I O C 59 9 9 4 9 1 0 0 4 7 9 9 3 6 

1 0 . 0 0 1 0 1 0 8 9 3 1 1 2 6 0 1 1 2 4 1 1 1 1 2 5 1 1 3 1 8 
2 0 . 0 0 5 1 1 9 5 3 1 2 3 6 6 1 2 5 2 5 1 2 1 0 1 1 2 7 1 8 
5 0 . 0 0 2 1 3 3 2 5 1 3 7 4 4 1 4 2 6 6 1 3 3 0 3 1 4 6 4 3 

1 0 8 . Q G 1 1 4 3 5 4 1 4 7 4 1 1 5 6 3 3 11*168 1 6 1 6 7 
1 0 0 0 , 0 0 . 1 1 7 7 5 2 1 7 9 0 8 2 0 6 7 2 1 6 9 1 0 2 1 7 8 7 

1 0 0 0 0 , 0 0 . 0 1 2 1 1 4 3 2 0 9 5 3 2 6 7 0 7 1 9 5 6 7 2 8 4 0 8 
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02HM001 NflPflNEE R I V E R NERR NRPRNEE 
CUMULATIVE P R O B A B I L I T Y IN PER CENT 

0 9 9 . 95 90 80 50 20 10 5 2 1 0 . 1 0 0 . 

1 .01 1 . 0 5 1.11 1 . 2 5 2 5 10 20 50 100 

RECURRENCE INTERVAL IN YEARS 

FIGURE 8 7 . F L O O D FREQUENCY ANALYSIS - ANNUAL FLOOD SERIES 

1000 lOD 



G2HMGG1 NAOANEE R I V E R NEAR N A P A N E E 

DRAINAGE AREA 3QG S Q . M I . R E G J L A T E O 

PEi'IOO OF RECOPO 1 9 4 6 - 7 1 

S E R I E S STANOARO C O E F F I C I E N T C O E F F I C I E N T 

MEAN D E V I A T I O N OF V A R I A T I O N OF SKEW 

2 1 5 0 . 0 4 7 3 5 . 2 5 . 3 4 2 - . 0 1 9 

LOG X 3 . 3 0 5 0 1 .1627 3 . C 4 9 2 5 - . 4 9 3 1 3 

LOG ( X - A ) 3 . 6 9 1 3 5 . 0 6 5 3 2 . 0 1 7 7 0 - . 1 9 3 3 2 

C A L C U L A T E D MEDIAN (X S E R I E S ) = 2 0 9 5 . 0 0 

P ARAMETER A = - 2 8 1 6 . G 9 

MEAN 13 LN T H E O R E T I C A L ) = 2 1 5 2 . 7 0 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 

T P GUMBEL PEAPSON PEARSON NOPMAL LOG NORMAL 

1.01 99 7 9 ^ 4 2 9 7 3 8 8 4 4 6 4 6 

1.0 5 95 1 0 7 5 9 3 6 1 0 3 8 1 C 8 9 10 20 

1.11 90 1 2 4 6 1 2 u 5 1 2 2 9 1 2 4 8 : 1 2 3 5 

1.25 8C l«+80 1 5 3 1 1490 1 4 7 2 1 5 1 2 

2.00 50 2 0 3 0 2 1 5 2 2 0 8 1 2 G 1 8 2 0 9 6 

2 . 3 3 4 2 . 9 2 2 1 6 8 2 2 8 6 2 2 2 3 2 1 6 0 2 2 3 3 

5 . 0 0 2C 2 7 6 9 27 69 27 81 2 7 6 7 2 7 60 

1 0 . 0 0 IC 3 258 3 0 9 1 3 1 8 4 3 2 6 3 3 1 4 1 

2G.0C 5 3 7 2 8 3 3 5 5 3 5 3 2 3 7 3 9 3 4 7 6 

5 0 . 0 0 2 4 3 3 6 3 6 5 2 3 9 3 7 4 3 5 8 3 8 7 5 

1 0 0 . 0 0 1 4 7 9 1 3 8 4 9 4 2 1 2 4 8 2 6 4 1 5 4 

1 0 0 0 . C C .1 6 2 9 6 4 4 0 1 4 9 9 4 6 4 2 6 5 0 0 3 

lOCOG.CO .01 7 7 9 3 4 8 5 5 5 6 3 2 8 1 3 8 5 7 80 
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02Gfl018 

99 95 90 

N I T H R I V E R AT NEW HAMBURG 
CUMULATIVE PROBABILITY IN PER CENT 

20 10 5 2 1 80 50 0.10 0.0 

X X IT 

1.01 1-05 1.11 1.25 2 5 10 20 SO 100 1000 

RECURRENCE INTERVAL IN YEARS 

FIGURE 88.FLOOD FREQUENCY ANALYSIS - ANNUAL FLOOD SERIES 



C ? G A 0 1 8 N I T H R I V E R AT NEW HAMBURG 

D R A I N A G E AREA 2 1 3 S O . M I . 

P E R I O D OF RECORD 1 9 5 3 - 7 1 

REGULATED 

S E R I E S 
MEAN 

STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OF V A P I A T I O N 

C O E F F I C I E N T 

OF SKEW 

4 8 8 3 . 1 8 1 8 3 9 . 5 7 . 3 7 7 . 2 1 7 

LOG X 3 . 6 5 6 8 9 . 1 7 4 2 3 .C476 4 - . 2 7 9 6 1 

LOG f X - A ) 4 . 5 3 9 73 . 0 2 2 9 5 . 0050 5 . 1 5 1 9 2 

C A L C U L A T E D MEDIAN (X S E R I E S ) = 4 9 4 2 . 5 0 

A D J U S T E D MEOIAN= 4 8 3 4 . 3 5 

PARAMETER A = - 2 9 8 1 5 . 5 2 

MEAN t 3 L N T H E O R E T I C A L ) = 4 8 8 4 . a 8 

FLOOD E S T I M A T E S C-S 

LOG LOG 3 PARAMETER 

T p GUMBEL PEARSON PEARSON NORMAL LOG NOR 

1.01 99 1 6 5 5 8 97 1 6 4 4 1 7 8 4 8 2 9 

1.05 95 2 3 1 7 1 9 7 4 2 2 7 5 2 3 4 5 1 9 5 2 

1.11 90 2 7 2 3 2 5 7 1 2 6 8 5 2 7 1 3 2 5 67 

1.25 80 3 2 7 4 3318 3 2 5 9 3 2 3 7 3 3 2 9 

2.00 5G 4 5 7 1 4 8 1 6 4 623 4 5 3 8 4 8 3 6 

2 . 3 3 4 2 . 9 2 4 8 9 8 5 1 5 3 4 9 6 9 4 8 8 2 5 1 7 1 

5 . 0 0 20 6 3 1 7 6 4 0 9 6 3 8 8 6 3 6 2 6 4 1 3 

1 0 . 0 0 IC 7 4 7 2 72 79 7 4 8 7 7 5 9 0 7 2 6 5 

20.0 0 c. 9 5 8 1 8 0 1 8 8 4 9 1 8 7 8 0 7 9 83 

5 0 . 0 0 2 1 0 0 1 5 8 8 7 2 9 7 3 2 1 0 3 4 5 8 8 0 9 

1 0 0 . 0 0 1 1 1 0 9 0 9 4 5 3 1 0 6 2 3 1 1 5 3 8 9 3 6 8 

10 0 0 . 0 0 .1 146 43 1 1 1 4 3 1 3 4 0 8 1 5 6 7 7 1 0 9 8 2 

1 0 0 0 0 . 0 0 .01 1 8 1 8 9 1 2 6 0 1 1 6 0 2 1 2 0 1 8 5 1 2 3 6 3 
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0 2 G n 0 1 0 N I T H R I V E R NEAR C A N N I N G 
CUMULATIVE PROBf lBIL ITY IN PER CENT 

95 90 80 50 20 10 5 2 1 0.10 0.01 



02GAG10 N I T H R I V E R NEAR CANNING 

DRAINAGE AREA 3 9 8 S Q . M I . 

P E R I O D OF RECORD l'9-48-71 

NATURAL FLOW 

S E R I E S 

MEAN 

STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

6 2 7 8 . 3 3 2 6 9 0 . 6 1 . 4 2 9 .460 

LOG > 3 . 7 5 5 7 6 . 2 0 3 1 4 . 0 5 4 0 9 - . 5 0 4 1 2 

LOG ( X - A ) 3 . 9 4 6 8 8 . 1 2 8 5 6 . 0 3 2 5 7 - . 1 3 9 7 1 

C A L C U L A T E D MEDIAN (X S E R I E S ) = 5 8 6 7 . 5 0 

PARAMETER A = - 2 9 4 3 . 1 4 

MEAN ( 3 L N T H E O R E T I C A L ) = 6 3 0 1 . 5 8 

FLCOO E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 

T p GUHBEL PEARSON PEARSON NORMAL LOG NORI 

l . Q l 9 9 1 6 0 5 9 3 1 1 6 1 8 1 9 1 9 15 01 

1.05 9 5 2 5 6 6 2 2 3 0 2 4 8 4 2 6 3 9 2 4 9 4 

1.11 9 0 3 1 5 5 2 9 9 0 3 0 6 9 3 1 2 8 3111 

1.25 80 3 9 5 6 3 9 7 6 3 9 0 6 3 8 4 3 39 53 

2.0G 51̂  5 8 3 9 6 0 7 3 5 9 2 5 5 b 9 8 59 05 

2.33 4 2 . 9 2 6 3 1 3 6 5 6 4 6 4 3 5 6 2 0 4 63 95 

5.00 20 6 3 7 3 8 4 6 0 8 5 0 3 8 4 4 9 8410 

1 0 . 0 0 10 1 0 0 5 1 9 8 3 0 1 0060 1 0 3 7 9 9989 

2 0 . 0 0 5 1 1 6 6 ^ lie 25 1 1 4 4 0 1 2 3 0 0 1 1 4 5 6 

5 0 . 0 0 2 1 3 7 4 3 1 2 4 4 5 1 3 0 8 3 1 4 8 9 4 1 3 3 09 

1 0 0 . 0 0 1 1 5 3 0 4 1 3 4 3 4 1 4 2 1 9 1 6 9 1 4 1 4 6 7 2 

1 0 0 0 . 0 0 . 1 2 0 4 6 3 1 6 4 0 3 1 7 5 3 3 2 4 1 8 0 1 9 1 4 2 

1 0 0 0 0 . 0 0 .01 2 5 6 1 2 1 9 C 7 4 2 0 3 1 6 3 2 4 6 6 2 3 6 70 
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02GC005 

99 
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<D 

IO 
Ll_ 
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m 

O CM 

_ J 

1.01 

95 90 

NORTH CREEK AT DELHI 

CUMULATIVE PROBfiBILITY IN PER CENT 
20 10 5 2 1 80 50 

:z: 

X X 

-X-

1.05 1.11 1.25 

0.10 0.01 

2 5 to 20 50 roo 

RECURRENCE INTERVAL IN YEARS 

FIGURE 90.FLOOD FREQUENCY ANALYSIS - ANNUfiL FLOOD SERIES 

1000 10000 



G2GC0O' NORTH GREFK AT D E L H I 

D R A I N A G E AREA 21 S Q . M I . 

P E R I O D OR RECORD 1 9 5 5 - 6 6 

REGULATED 

S E R I E S 

MEAN 
STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

LOG X 

LOG ( X - A ) 

2 4 7 . 2 5 

2 . 2 1 3 7 5 

2 . 5 9 1 7 6 

2 7 3 . 5 5 

. 3 9 0 1 8 

.2070 3 

1 . 1 0 6 

. 1 7 6 2 5 

. 0 7 9 8 8 

2 . 2 1 4 

. 7 3 0 4 3 

1 . 3 7 1 1 9 

C A L C U L A T E D MEDIAN (X S E R I E S ) = 1 3 3 . 0 0 

P ARAMETER A = - 1 9 4 . 4 8 

MEAN (3 L N T H E O R E T I C A L ) = 2 4 3 . 1 5 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 

T P GUMBEL PEARSON PEARSON NORMAL LOG NOR! 

1.01 9 9 -67 0 32 20 - 6 5 

1.05 95 - 7 4 4 5 3 7 - 1 6 

1.11 90 29 14 56 5 1 17 

1.25 8G 80 4 1 75 7 6 6 7 

2.00 50 198 1 5 9 1 4 6 1 6 3 1 9 6 

2.3 3 4 2 . 9 2 2 2 7 1 9 9 172 1 9 2 2 3 1 

5.QC 2C 3 5 6 4 0 0 3 3 1 3 4 8 3 8 9 

1 0 . 0 0 10 4 6 1 5 9 0 5 4 1 5 1 7 5 2 5 

20.OG c 562 7 86 8 4 1 7 1 7 6 6 1 

5 0 . 0 0 2 6 9 3 10 54 1 4 4 1 1 0 3 5 8 4 5 

100.OG 1 7 9 1 1 2 6 2 2 1 1 4 1 3 2 2 9 8 9 

1 0 0 0 . 0 0 .1 1 1 1 4 1 9 8 9 6 9 3 1 2 6 2 6 1 5 0 9 

lOOOC.OO .01 1 4 3 6 2 7 6 4 2 1 0 1 4 4 6 2 6 2 1 0 6 
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02Ef l005 NORTH MflGNETflNflN R I V E R NEflR BURKS F A L L S 
CUnULflTlVE PROBflBILITY IN PER CENT 

0 9 9 95 90 80 SO 20 10 S 2 1 0.10 0.01 

O) 

CO 

r- - — — — 

CO — — 

ia-\ 1 1 1 I I 1 1 1 1 1 

1.01 1-05 1.11 1.25 2 S to 20 50 100 1000 

RECURRENCE INTERVAL IN YEflRS 

FIGURE 9 1 . F L O O D FREQUENCY A N A L Y S I S - ANNUAL FLOOD SERIES 

10000 



C 2 E A C D 5 NORTH MAGNFTAWAN R I V E R NEAR BURKS F A L L S 

D R A I N A G E AREA 1 2 9 S Q . M I . 

P E R I O D OF RECOPD 1 9 1 6 - 7 1 

NATURAL FLOW 

S E R I E S 

M E A N 

STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

LOG X 

LOG ( X - A ) 

1 5 2 6 . 6 8 

3 . 1 6 0 6 9 

3 . 5 2 2 2 4 

5 1 0 . 4 3 

. 1 4 3 3 7 

. U 6 3 4 8 

. 3 3 4 

. 0 4 5 3 6 

. 0 1 8 0 2 

. 940 

- . 0 5 8 8 1 

. 4 4 2 3 3 

C A L C U L A T E D MEDIAN ( X S E R I E S ) = 1 4 8 7 . 5 C 

PARAMETER A = - 1 8 3 7 . 5 8 

MEAN (3 L N T H E O R E T I C A L ) = 1 5 2 6 . 5 1 

FLOOD E S T I M A T E S C'S 

LOG LOG 3 PARAMETER 

T p GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1.01 99 6 6 9 6 8 8 662 6 7 1 5 3 1 

1.05 95 845 842 836 8 4 1 7 7 9 

1.11 90 952 9 4 5 9 4 6 9 4 8 9 2 2 

1.25 80 1 0 9 9 1 0 9 2 1 0 9 7 1 0 9 6 1 1 0 5 

2.0 0 50 1 4 4 3 1 4 4 8 1 4 5 2 1 4 4 7 1 4 9 0 

2 . 3 3 4 2 . 9 2 1530 1 5 3 9 1 5 4 2 1 5 3 7 1 5 8 0 

5.00 20 1 9 0 7 1 9 1 5 1 9 1 3 1 9 1 1 1 9 2 6 

1 0 . 0 0 10 2 2 1 3 2208 2 2 0 5 2 2 1 0 2 1 7 6 

2 0 . 0 0 c 2 5 0 8 2 4 7 7 2 4 7 8 2 4 9 1 2 3 9 5 

5C.0C 2 2 8 8 9 2 8 1 1 2 8 2 2 2 8 5 2 2 6 5 6 

1 0 0 . 0 0 1 3 1 7 4 3 0 5 3 3 0 7 5 3 1 2 0 2 8 3 8 

1 0 0 0 . 0 0 .1 4 1 1 7 3 8 1 7 3 9 0 6 4 0 1 5 3 3 9 1 

1 0 0 0 0 . 0 0 .01 5 0 5 9 4 5 5 0 4 7 4 3 4 9 4 3 3 8 9 5 
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0 2 E B 0 0 4 NORTH MUSKOKA R I V E R AT PORT SYDNEY 
CUMULATIVE PROBflBILITY IN PER CENT 

O 99 95 90 80 50 20 10 5 2 1 0.10 0. 

O 

xxx>< 

X 

X x; 

X 

^y '. < 

1.01 1 .05 1.11 1 . 2 5 2 5 10 20 5 0 . , , 1 0 0 1000 

RECURRENCE INTERVAL IN YEflRS 

FI&URE 92.FLOOD FREQUENCY flNflLYSIS - ANNUAL FLOOD SERIES 



0 2 E B 0 0 4 NORTH MUSKOKA R I V E R AT PORT SYDNEY 

DRAINAGE AREA 5 3 7 S Q . M I . 

P E R I O D OF RECORD 1 9 3 4 - 7 1 

REGULATED 

S E P I E S 

MEAN 

STANOARO 

O E V I A T I C N 
C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 
OF SKEW 

L O G X 

LOG ( X - A ) 

4 2 4 9 . 7 4 

3 . 6 1 6 7 0 

3.80183 

9 5 6 . 7 5 

. 1 0 4 6 7 

. 5 6 6 8 8 

. 2 2 5 

. 0 2 8 9 4 

. ^ 1 7 5 9 

- . 1 2 9 

- . 6 7 5 2 5 

- . 4 5 7 7 0 

C A L C U L A T E D MEDIAN <X S E R I E S 1 = 4 1 7 7 . 5 0 

P A F A M E T E R A = - 2 1 5 8 . 4 ? ' 

MEAN ( 3 L N T H E C R E T I C A L ) = 4 2 5 3 . 3 0 

FLOOD E S T I M A T E S C F S 

LOG LOG 3 PARAMETER 
T p GUMBEL PEARSON P E A R S O N NORMAL LOG NORMAL 

1.01 9 9 2 3 6 5 1 9 3 4 2 1 0 1 2 3 6 1 22 70 
1.05 9 5 2 7 6 1 2 6 4 1 2 6 7 3 2 7 8 3 27 59 
1.11 9 0 3 0 0 4 3 0 1 0 3 0 0 2 3 0 3 7 30 42 
1.25 6 0 3 3 3 4 3 4 5 0 3 4 1 9 3 3 7 7 3407 
2.0?' , 5^ 4 1 1 1 4 2 7 0 4 2 4 9 4 1 3 7 4177 
2.33 42 .92 4 3 0 7 4 4 4 3 4 4 3 1 4 3 2 2 43 57 
5.00 20 5 1 5 7 5 0 6 0 5 0 8 4 5 0 6 8 5 0 5 5 

1 0 . 0 0 10 5 8 4 9 5 4 6 2 5 5 0 7 5 6 3 4 5560 
20.00 6 5 1 3 5 7 8 7 5 8 4 3 6 1 5 0 60 04 
5 0 . 0 0 2 7 3 7 2 6 1 4 8 6 2 0 4 6 7 8 7 65 35 

1 0 0 . 0 0 1 8 0 1 6 6 3 8 4 6 4 3 1 7 2 4 7 69 07 
1 0 0 0 . 0 0 . 1 1 0 1 4 4 7 0 3 2 7 0 0 8 8 7 1 2 80 39 

i0occ:.ac . 0 1 1 2 2 6 8 7 5 4 9 740 8 1 0 1 4 1 90 78 
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02EB007 NORTH MUSKOKA RIVER NEflR PORT SYDNEY 

S CUMULATIVE P R O B A B I L I T Y IN PER CENT 
0 9 9 95 90 80 50 20 10 5 2 1 0.10 0.01 

1.01 l.OS l . U 1.25 2 5 10 20 50 100 1000 10000 

RECURRENCE INTERVAL IN YEARS 

FIGURE 93 .FLOOD FREQUENCY ANALYSIS - ANNUAL FLOOD SERIES 



G 2 E B C f l 7 NORTH MUSKOKA R I V E R NEAR PORT SYDNEY 

DR A I N A G E AR«^A 5 5 5 S Q . M I . REGULATED 

P E R I O D OE RECORO 19^0 -62 

S E R I E S STANDARD COE F F I C I E N T C O E F F I C I E N T 

MEAN D E V I A T I O N O F V A R I A T I O N O F SKEW 

X 4 4 4 4 . 3 5 1 0 5 G . 3 2 . 2 3 6 - . 4 6 8 

LOG X 3 . 6 3 4 3 9 . 1 1 5 0 6 . 0 3 1 6 6 - 1 . 0 2 4 7 0 

LOG f X - A ) 4 . 0 9 3 8 3 . 0 3 7 5 4 . 0 0 9 1 7 - . 6 3 4 8 6 

C A L C U L A T E D MEDIAN (X S E R I E S ) = 4 4 36.GO 

A D J U S T E D MEOIAN= 4 3 9 9 . 9 0 

PARAMETER A = -90 1 1 . 0 4 

MEAN f 3 L N T H E O R E T I C A L ) = 4 4 4 6 . 8 6 

FLOOO E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 

T P GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1.01 99 2 2 8 9 1 6 4 4 1 9 2 2 2 3 2 6 2 1 4 0 

1.05 95 2 7 4 6 2 5 8 9 2 6 2 1 2 7 8 6 2 7 5 5 

1.11 9C 30 25 3 0 5 7 3 0 2 5 3 0 6 8 3 0 9 8 

1.25 8C 3 4 0 6 3 5 9 3 3 5 3 1 3 4 4 7 3 5 2 9 

2.00 5G 4 3 0 0 4 5 2 5 4 5 0 2 4 3 0 9 4 4 0 0 

2 . 3 3 4 2 . 9 2 4 5 2 6 4 7 1 1 4 7 0 5 4 5 2 2 4 5 9 7 

5 . 0 0 2C 5 5 0 4 5 3 4 2 5 3 9 4 5 3 8 6 5 3 3 7 

1 0 . 0 0 10 63G1 5 7 2 6 5 8 0 1 6 0 5 1 5 8 5 5 

2 0 . 0 0 5 7 0 6 5 6 0 2 1 60 98 6 6 6 2 6 2 9 7 

5 0 . 0 0 2 8 0 5 5 5 3 3 1 6 3 8 8 7 4 2 5 6 8 1 1 

100.OG 1 87 9 6 6 5 2 5 6 5 5 5 798Q 7 1 6 4 

1 0 0 0 . 0 0 .1 1 1 2 4 6 7 C 1 7 6 9 0 9 9 77 0 8 2 0 3 

lOOOC.OO . 0 1 1 3 6 9 2 7 3 6 8 7 0 8 7 1 1 5 4 5 9 1 0 7 
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02GD007 NORTH THAMES R I V E R AT LONDON 
CUMULf iTIVE P R O B f i B I L I T Y IN PER CENT 

99 9 5 90 8 0 5 0 2 0 10 5 2 1 0 . 1 0 0 . 0 1 

a> 

to 

r~ 

IO 

est 

1.01 1 . 0 5 1.11 1 . 2 5 2 5 10 20 50 100 1000 10000 

RECURRENCE I N T E R V A L IN YEfiRS 

F I G U R E 9 4 . F L O O D FREQUENCY fiNfiLYSIS - ANNUAL FLOOD S E R I E S 



C2G0GC7 NORTH THAMES R I V E R AT LONDON 

D R A I N A G E AREA 6 5 7 S Q . M I . 

P E R I O D OF RECORD 13kk-b2 

REGULATED 

S E R I E S 

MEAN 

STAWOARD 

D E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

1 4 1 0 7 . 8 9 6 4 7 1 . 0 7 . 4 5 9 . 0 9 3 

LOG X 4.0 95 70 . 2 3 7 3 4 . 0 5 7 9 5 - . 7 2 8 6 7 

LOG ( X - A ) 5 . 1 7 1 4 8 . 0 1 8 9 1 . 0 0 3 6 6 . 0 2 1 7 8 

C A L C U L A T E D MEDIAN CX S E R I E S ) = 1 4 6 0 0 . 0 0 

A D J U S T E D MEDIAN= 1 3 9 6 6 . 8 2 

PARAMETER A = - 1 3 4 4 4 2 . 1 9 

MEAN (3 L N T H E O R E T I C A L ) = 11*111.37 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 

T p GUMBEL PEAPSON PEARSON NORMAL LOG NORMAL 

1.01 99 2 3 3 7 - 4 7 6 2 6 2 9 3 4 9 6 - 3 2 1 

1.05 9 5 4 7 7 3 3 6 4 6 4 60 3 5 0 7 3 3 7 1 5 

1.11 9C 6 2 6 5 5 8 8 3 6 0 2 0 6 1 3 6 5 9 1 6 

1.25 80 8 2 9 4 8 6 3 1 8 1 1 4 7 8 6 7 8 6 3 1 

2.0C 50 1 3 0 6 7 1 4 0 0 2 1 3 3 0 7 1 2 4 6 5 1 3 9 7 4 

2 . 3 3 4 2 . 9 2 1 4 2 6 8 1 5 1 8 2 1 4 6 2 4 1 3 7 6 8 1 5 1 5 5 

5 . 0 0 2C 1 9 4 8 9 1 9 5 2 3 1 9 8 9 0 1 9 7 4 8 1 9 5 1 7 

IG.OC 10 2 3 7 4 0 2 2 4 6 8 2 3 7 2 6 2 5 1 1 6 2 2 4 9 5 

2 0 . 0 0 
c > 2 7 8 1 9 2 4 9 2 9 2 7 0 0 4 30 62 8 2 4 9 9 5 

5 0 . 0 0 2 3 3 0 9 8 2 7 7 3 7 3 0 7 3 3 3 8 2 9 9 2 7 8 6 0 

1 0 0 . 0 0 1 3 7 0 5 4 2 9 6 2 4 3 3 1 9 1 4 4 4 3 7 2 9 7 9 4 

1 0 0 0 . 0 0 .1 5 0 1 2 5 3 5 G 1 3 3 9 7 4 4 6 7 4 6 4 3 5 3 5 0 

1 0 0 0 0 . 0 0 .01 6 3 1 7 4 3 9 5 5 3 4 4 4 8 5 9 5 1 9 1 40 0 72 
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1.01 1.05 1.11 1.25 2 5 10 20 50 100 1000 

RECURRENCE INTERVAL IN YEflRS 

FIGURE 95 .FLOOO FREQUENCY ANALYSIS - flNNUflL FLOOD SERIES 

10000 



C2GOC05 NORTH THANES R I V E R AT S T . MARY'S 

ORAINAGF AREA 4 1 6 S Q . M I . R E G J L A T E O 

P E R I O D OF RECOPO 1 9 3 8 - 7 1 

S E R I E S 

MEAN 

STANDARD 

DEVTA TION 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

1 0 0 7 8 . 5 3 4 5 8 6 . 9 2 . 4 5 5 . 1 9 4 

LOG X 

LOG <X-A) 

7 . 9 5 1 7 8 

4 . 5 3 2 3 8 

. 2 2 6 6 6 

. 0 5 7 9 5 

. 0 5 7 3 6 

. 0 1 2 7 9 

- . 5 5 7 0 6 

. 0 0 3 5 1 

C A L C U L A T E D MEDIAN (X S E R I E S ) = 9 7 7 C . C 0 

PARAMETER A = - 2 4 3 2 6 . 9 8 

MEAN ( 3 L N T H E O R E T I C A L ) = 1 0 0 8 7 . 1 7 

FLOOD E S T I M A T E S CFS 

T P GUMBEL PEARSON 

1.01 9 9 1 8 5 6 64 

1.05 95 3 5 4 9 27 94 

1.11 90 4 5 8 5 4 3 0 2 

1.25 80 5 9 9 5 618Q 

2.0C 5G 9 3 1 1 9930 

2 . 3 3 4 2 . 9 2 1 0 1 4 6 10 7 6 8 

5 . 0 0 2C 1 3 7 7 3 1 3 8 9 0 

IG.OC 10 1 6 7 2 7 160 45 

2G.0 0 c, 1 9 5 6 1 1 7 8 6 8 

5G.Q0 2 2 3 2 2 9 1 9 9 7 1 

l OC.QC 1 2 5 9 7 8 2 1 3 9 8 

IGOG.OO .1 350 60 2 5 5 3 5 

lOCOG.OG .01 4 4 1 2 7 2 9C9C 

LOG LOG 3 PARAMETER 

PEARSON NORMAL LOG NORMAL 

2 1 5 4 2 6 5 8 6 8 1 

3 5 2 2 3 7 9 2 3 0 6 0 

4 4 8 1 4 5 8 3 4 4 1 9 

5 8 8 6 5 7 6 6 6 1 5 7 

9 3 8 9 8 9 4 9 9 7 8 2 

1 0 2 9 2 9 8 4 0 1 0 6 2 1 

1 3 9 9 0 1 3 8 8 7 1 3 8 3 9 

1 6 8 0 0 1 7 4 7 2 1 6 1 4 7 

1 9 2 9 9 2 1 1 1 7 1 8 1 5 5 

2 2 2 7 6 2 6 1 4 2 2 0 5 3 9 

2 4 3 2 9 3 0 1 3 0 2 2 1 9 7 

3 0 2 7 1 4 4 8 9 2 2 7 1 9 0 

3 5 1 7 0 6 2 3 6 9 3 1 7 0 9 
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0 2 G D 0 0 3 

I 99 95 90 

NORTH THAMES R I V E R BELOW FANSHAWE DAM 
CUMULfiTIVE PROBABILITY IN PER CENT 

80 50 20 to 5 2 1 

1 9 1 6 - 4 4 

o.to 0.01 

CD 

x^ 
fx 

/ 

/ 
X 

to 

10' 

0» 
as O 

_ l 

1.01 1.05 1.11 1.25 2 5 10 20 SO too 

RECURRENCE INTERVAL IN YEARS 

FIGURE 96.FLOOD FREQUENCY fiNfiLYSIS - ANNUfiL FLOOD SERIES 

1000 10000 



C2GDGG? NORTH THAMES R I V E R 3EL0W FANSHAWE 0AM 1 9 1 6 - 4 4 

D R A I N A G E AREA 56C S Q . M I . NATURAL FLOW 

P E R I O D OE RECORD 1 9 1 6 - 4 4 

S E R I E S 
MEAM 

STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

LOG X 

LOG ( X - A ) 

1 0 6 1 2 . 4 1 

3 . 9 8 B 3 7 

L . 8 9 1 6 6 

4 0 6 6 . 6 7 

. 1 9 8 2 0 

.Q 2 2 5 7 

. 3 8 3 

. 0 4 9 7 0 

. 0 0 4 6 1 

C A L C U L A T E D MEDIAN ( X S E R I E S ) = 1 0 8 4 6 . C O 

A D J U S T E D MEDIAN= 1 0 5 0 6 . 2 9 

PARAMETER A = - 6 7 4 1 1 . 1 4 

MEAN ( 3 LN T H E O R E T I C A L ) = 1 0 6 1 3 . 9 5 

. 2 4 9 

- 1 . 1 9 3 4 9 

. 0 9 3 8 8 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 

T p GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1.01 9 9 2 9 5 8 1900 2 3 0 7 3 3 6 7 1 6 3 7 

l . u 5 95 4 5 6 1 4 2 2 3 4 0 8 6 4 5 9 5 4 1 2 5 

1.11 90 5 5 4 3 5 5 2 0 5 2 9 8 5 4 2 3 5 4 8 7 

1.25 80 6 8 7 8 7 1 4 9 6 9 8 0 6 6 2 9 7 1 7 4 

2.0 0 50 1 0 C 1 9 1 0 4 4 3 10 6 2 3 9 7 3 5 1 0 5 1 0 

2 . 3 3 4 2 . 9 2 1O810 1 1 1 8 6 1 1 4 3 6 1 Q 5 7 8 1 1 2 5 1 

5.GO 2C 1 4 2 45 1 3 9 7 7 1 4 2 8 5 1 4 2 9 7 1 3 9 9 6 

IC.OC 10 1 7 G 4 3 1 5 9 2 1 1 5 9 9 2 1 7 4 7 6 1 5 8 7 9 

2G.00 c 1 9 7 2 6 1 7 5 7 7 1 7 2 2 5 2 0 6 2 5 1 7 4 6 5 

5 0 . 0 0 2 2 3 2 0 0 1 9 4 9 9 1 8 3 9 4 2 4 8 5 8 1 92 89 

lOG.OC 1 2 5 8 0 3 2 0 8 1 1 1 9 0 3 4 2 3 1 4 3 2 0 5 2 3 

lOOC.OO .1 3 4 4 0 5 2 4 6 4 5 2 0 2 6 6 3 9 8 8 5 2 4 0 8 5 

1 0 0 0 0 . 0 0 .01 4 2 9 9 2 2 7 9 7 3 2 0 7 4 6 5 3 1 7 1 2 7 1 3 0 
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02GD003 NORTH THAMES R I V E R BELOW FANSHAWE DAM 1954-71 
CUMULATIVE PROBABILITY IN PER CENT 

20 10 5 2 1 0.10 0.01 
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95 90 80 50 
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RECURRENCE INTERVAL IN YEflRS 

FIGURE 97.FLOOD FREQUENCY ANALYSIS - ANNUAL FLOOD SERIES 

1000 10000 



02GOCQ3 NORTH THAMES R I V E R 3EL0W FANSHAWE DAM 1 9 5 4 - 7 1 

D R A I N A G E AREA 560 S Q . M I . 

P E R I O D OF RECORO 1 9 5 4 - 7 1 

R E G J L A T E O 

S E R I E S 

MEAM 

STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

0"^ V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

1 0 4 1 5 . 0 0 3 8 C 5 . 2 6 . 3 6 5 .0 43 

LOG X 3 . 9 8 4 6 5 . 1 8 5 0 6 . 0 4 6 4 4 - . 9 3 1 6 2 

LOG ( X - A ) 4 . 8 4 2 1 2 . 0 2 3 7 9 . 0 0 4 9 1 - . 1 1 2 0 6 

C A L C U L A T E D MEDIAN ( X S E R I E S ) = 1 0 7 2 5 . 0 0 

A D J U S T E D MEOIAN= 1 0 3 1 0 . 8 5 

PARAMETER A = - 5 9 2 0 4 . 3 4 

MEAN (3 L N T H E O R E T I C A L ) = 1 0 4 1 9 . 2 7 

FLOOO E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 

T P GUMBEL PEARSON PEARSON NORMAL LOG NORI 

1.01 9 9 3 1 8 7 1 6 8 3 2 7 0 5 3 5 8 2 1 9 9 9 

1.05 95 4 7 0 0 4 2 0 1 4 3 6 7 4 7 8 8 4 3 2 5 

1.11 90 5 6 2 8 5 5 5 4 5 4 6 4 5 5 8 9 5 6 0 1 

1.25 80 6 8 8 9 72G3 6 9 7 4 6 7 4 2 7 1 8 2 

2.00 50 9 8 5 5 1 0 3 8 7 1 0 2 9 6 9 6 5 2 1 0 3 1 6 

2 . 3 3 4 2 . 9 2 1 0 6 0 1 1 1 0 8 1 1 1 0 6 2 1 0 4 3 1 1 1 0 1 3 

5.CC 2G 1 3 8 4 5 1 3 6 1 0 1 3 8 7 1 1 3 8 1 9 1 3 5 9 8 

IG.OC IG 1 6 4 8 7 1 5 3 1 C 1 5 6 9 2 1 6 6 6 8 1 5 3 7 4 

20.OC c; 1 9 0 2 1 1 6 7 2 0 1 7 1 1 4 1 9 4 5 7 1 6 8 7 2 

5 0 . 0 0 2 2 2 3 0 2 1 8 3 1 7 1 8 5 9 0 2 3 1 6 2 1 8 5 9 6 

1 0 0 . 0 0 1 2 4 7 6 0 1 9 3 8 5 1 9 4 8 3 2600 8 1 9 7 6 3 

1 0 0 0 . 0 0 .1 3 2 8 8 3 2 2 4 0 5 2 1 5 4 9 3 6 G 1 6 2 3 1 3 9 

1 0 0 0 0 . 0 0 .01 4 0 9 9 1 2 4 9 1 9 2 2 7 4 3 4 7 1 0 7 260 33 
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1 .01 1 . 0 5 l . U 1 . 2 5 2 5 10 20 SO 100 1000 

RECURRENCE INTERVAL IN YEARS 

FIGURE 9 8 . F L O O D FREQUENCY A N A L Y S I S - ANNUfiL FLOOD S E R I E S 



C2GO014 NORTH THAMES R I V F R NEAR M I T C H E L L 

D R A I N A G E AREA 1 2 3 S Q . M I . R E G U L A T E D 

P E R I O D CF RECORD 1 9 5 4 - 7 1 

S E R I E S 

MEAN 

STANDARD 

D E V I A T I O N 

COE F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

4 7 6 4 . 7 2 20 5 4 . 1 4 . 4 3 1 .3 76 

LOG X 

LOG ( X - A ) 

3 . 6 2 9 8 0 

4 . 3 4 7 9 1 

. 2 3 1 8 4 

. 0 3 9 6 7 

. 0 6 3 8 7 

. 0 0 9 1 2 

C A L C U L A T E D MEDIAN ( X S E R I E S ) = 4 6 7 0 . 0 0 

P ARAMETER A = - 1 7 6 0 3 . 0 0 

MEAN ( 3 L N T H E O R E T I C A L ) = 4 7 6 9 . 2 1 

- 1 . 3 4 7 8 2 

. 0 8 3 5 2 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 

T P GUMBEL PEARSON PEARSON NORMAL LOG NORI 

1.01 9 9 1000 5 5 5 7 5 2 1 2 3 1 4 1 1 

1.05 95 1 7 8 6 1 6 1 8 1 5 2 8 1 7 7 1 1 5 6 8 

1.11 90 2 2 6 8 2 2 2 8 2 0 9 8 2 1 5 0 2 2 1 4 

1.25 8C 2 9 2 4 3 0 0 9 2 9 2 3 2 7 2 0 3 0 2 7 

2 . 0 0 50 4 4 6 5 4 6 3 6 4 7 7 8 4 2 6 3 4 6 7 6 

2 . 3 3 4 2 . 9 2 4 8 5 3 5 0 1 1 5 1 9 6 4 6 9 8 5 0 5 0 

5 . 0 0 20 6 5 3 9 6 4 4 5 6 6 4 6 6 6 9 3 6 4 5 7 

IC.OG 10 7 9 1 3 7 4 5 5 7 4 8 5 8 4 5 2 7 4 4 4 

2C.0C r 923Q 8 3 4 7 8 0 6 6 1 0 2 6 0 8 2 9 8 

5 0 . 0 0 2 1 0 9 3 5 9 3 8 6 8 5 8 6 1 2 7 6 4 9 2 7 4 

I O C . 0 0 1 1 2 2 1 3 1 0 1 G 4 8 8 5 1 li»758 9 9 5 0 

1 0 0 0 . 0 0 ,1 1 6 4 3 5 1 2 2 3 7 9 2 9 1 2 2 1 9 0 1 1 9 4 2 

lOOOC.OO . 0 1 2 0 6 4 9 1 4 1 3 0 9 4 0 3 3 1 0 6 1 1 3 6 9 2 
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eg 

1.01 1.05 1.11 1.25 2 5 10 20 50 100 1000 10000 

RECURRENCE INTERVAL IN YEARS 

F IGURE 9 9 .F L O O D FREQUENCY ANALYSIS - ANNUAL FLOOD SERIES 



G2G0G15 NORTH THAMES R I V E R NEAR THORNDALE 

D R A I N A G E AREA 5 i a s o . MI. R E G J L A T E O 

P E R I O D OR RECORD 1 9 5 4 - 7 1 

S E R I E S 

MEAN 

STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 
C O E F F I C I E N T 

OF SKEW 

1 1 9 3 1 . 6 7 5 1 5 5 . 7 0 .430 - . 145 

LOG X 4 . 0 2 8 8 8 . 2 3 1 7 3 . 0 5 7 5 2 - . 9 8 3 0 1 

LOG ( X - A ) 5.04505 . C 2 0 2 6 .0 040 1 - . 2 1 0 2 6 

C A L C U L A T E D MEDIAN ( X S E R I E S ) = 1 2 0 2 5 . 0 0 

A D J U S T E D MFOIAN= 1 1 8 6 1 . 8 5 

PARAMETER A = - 9 9 0 6 2 . 9 2 

MEAN (3 L N T H E O R E T I C A L ) = 1 1 9 8 5 . 8 8 

FLOOD E S T I M A T E S C^S 

LOG LOG 3 PARAMETER 
T P GUMBEL PEARSON PEARSON NORMAL LOG NOR 

1.01 9 9 2 2 5 4 -560 2 1 3 4 3 0 8 9 4 6 3 
1.05 9 5 4 2 8 1 3 2 9 2 3 9 4 1 4 4 4 3 3 6 7 5 

1.11 90 5 5 2 2 5 2 9 7 5240 5 3 9 2 5 4 2 9 
1.25 80 7 2 1 1 7 6 8 1 7 1 3 8 6 8 1 9 7 5 9 6 

2.3G 50 1 1 1 8 3 1 2 1 C 6 1 1 6 3 6 1 0 6 8 7 1 1 8 6 8 

2.3 3 4 2 . 9 2 1 2 1 8 3 1 3 0 3 9 1 2 7 2 2 1 1 7 7 7 1 2 8 1 3 
5 . 0 0 • 20 1 6 5 2 6 1 6 3 5 4 1 6 8 1 3 1 6 7 4 9 1 6 3 1 0 

1 0 . 0 0 10 2 0 0 6 5 1 8 5 0 5 1 9 5 3 5 2 1 1 8 1 1 8 7 0 3 

2 0 . 0 0 c 2 3 4 5 8 2 0 2 4 4 2 1 6 8 1 2 5 7 0 8 2 0 7 1 3 

5 0 . 0 0 2 2 7 8 5 1 2 2 1 6 5 2 3 9 1 6 3 1 9 7 8 2 3 0 2 0 
1 0 0 . 0 0 1 3 1 1 4 3 2 3 4 2 1 2 5 2 6 3 3 6 9 7 3 2 4 5 7 9 

1 0 0 0 . 0 0 .1 4 2 0 2 0 2 6 8 5 5 2 8 3 3 7 5 5 5 8 1 2 9 G 6 4 

lOCOO.OO . 0 1 5 2 8 7 9 2 9 5 8 6 3 0 0 3 8 7 7 7 8 9 32 8 84 
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02HD004 

99 9 5 90 

NORTH NEST GflNflRflSKfl R I V E R NEAR OSflCfl 
CUMULfiTIVE PROBf iB IL ITY IN PER CENT 

so 2 0 10 5 2 8 0 I 0.10 0 . 0 

— 

V 

X 

X 

y 

^ 
/ 

/ 
X / X 

/ 
/ 
/ 

1.01 1 . 0 5 l . U 1 . 2 5 2 5 10 20 50 

RECURRENCE INTERVfiL IN YEfiRS 
1000 100 

FIGURE 100 .FLOOD FREQUENCY fiNfiLYSIS - fiNNUfiL FLOOD SERIES 



G2HO0C4 NORTH WEST GANARASKA R I V E R NEAR OSACA 

D R A I N A G E AREA 15 S O . M I . 

P E R I O D OF RECORD 1 9 6 0 - 7 1 

REGULATED 

S E R I E S 

MEAN 

STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

l O E F F I C I E N T 

OF SKEW 

LOG X 

LOG ( X - A ) 

2 2 9 . 3 3 

2 . 2 1 2 7 8 

2 . 4 7 7 7 7 

2 0 2 . 9 9 

. 3 3 0 8 2 

. 2 2 7 0 7 

C A L C U L A T E D MEDIAN ( X S E R I E S ) = 1 5 2 . 5 0 

P ARAMETER A = - 1 1 3 . 9 1 

MEAN ( 3 L N T H E O R E T I C A L ) = 2 3 0 . 5 3 

. 8 8 3 

. 1 7 2 1 0 

. 0 9 1 5 4 

1 . 443 

. 1 0 5 7 9 

. 6 6 0 1 6 

FLOOD E S T I M A T E S CFS 

T P GUMBEL PEAPSON 

1.01 99 - 4 3 - 3 5 

1.05 9 5 9 -5 

1.11 90 42 20 

1.25 30 87 62 

2 . 0 0 50 192 1 8 3 

2 . 3 3 4 2 . 9 2 2 1 9 218 

5.0 0 20 334 370 

1 0 . 0 0 10 4 2 8 4 9 8 

2 0 . 0 0 5 5 1 8 6 2 2 

5 0 . 0 0 2 634 7 8 1 

1 0 0 . 0 0 1 7 2 2 900 

1 0 0 0 . 0 0 .1 1 0 1 0 1 2 9 5 

1 0 0 0 0 . 0 0 .01 1 2 9 8 1 6 9 1 

LOG LOG 3 PARAMETER 

PEARSON NORMAL LOG NORMAL 

22 21 - 2 4 
39 38 13 
53 53 39 
77 78 79 

160 163 186 
188 191 216 
339 341 352 
507 502 473 
708 690 596 

1033 988 • 765 
1343 1254 899 
2801 2451 1397 
5208 4260 1987 
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0 2 E D 0 0 3 NOTTflNflSRGfl R I V E R NEflR BAXTER 

Ui 
O 99 95 90 80 

CUMULATIVE PROBf lBIL ITY IN PER CENT 
50 20 10 5 2 0 . 1 0 0 . 0 

oo 

(O 

CO 

r-
CO 

o 

oo 

U3 

Ui 

1.01 1 . 0 5 1.11 1 . 2 5 2 5 10 20 50 100 

RECURRENCE INTERVflL IN YEflRS 

FI&URE 101 .FLOOD FREQUENCY flNflLYSIS - flNNUflL FLOOD SERIES 

1000 100( 



NOTTAWASAGA RIVE'' NEAR B A X T E R 

D R A I N A G E AREA 4 5 6 S Q . M I . 

P E R I O D Of RECORO 1 9 4 8 - 7 1 

NATURAL FLOW 

S E R I E S 

MEAN 

STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

4 1 5 4 . 5 8 2 3 5 4 . 3 1 . 5 6 7 1. C32 

LOG X 3 . 5 5 6 2 0 . 2 3 6 0 2 . 0 6 6 3 7 . 2 2 5 7 6 

LOG ( X - A ) 3 . 6 1 3 3 1 . 2 0 9 4 9 . 0 5 7 9 8 . 3 2 6 3 1 

C A L C U L A T E D MEDIAN (X S E R I E S ) = 3 4 4 2 . 5 0 

PARAMETER A = - 4 4 9 . 4 3 

MEAN ( 3 L N T H E O R E T I C A L ) = 4 1 6 1 . 8 9 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 

T P GUMBEL PEARSON PEARSON NORMAL LOG NOR 

l . Q l 9 9 6 5 7 4 3 9 1 1 1 2 1 0 1 6 8 8 7 

1.0 5 95 1 3 5 3 1 0 7 4 1 5 2 6 1 4 7 2 14C7 

1.11 9Q 1780 1 5 1 6 1 8 1 9 1 7 9 3 1 7 6 2 
1.25 80 2 3 6 0 2 1 5 9 2 2 6 6 2 2 7 7 2 2 8 5 

2.0C 50 3 7 2 4 3 7 6 1 3 5 2 6 3 5 9 9 3 6 5 5 
2 . 3 3 4 2 . 9 2 4 0 6 8 4 1 7 8 3 8 9 4 3 9 7 3 40 32 
5 . a o 20 5 5 6 0 5 9 2 0 5 6 4 7 5 6 8 7 5 7 1 2 

1 0 . 0 0 10 6 7 7 5 72 98 7 3 0 9 7 2 2 4 7 1 6 9 

2 0 . 0 0 5 7 9 4 1 8 5 7 5 9G98 8 7 9 9 8 6 2 7 
5G.0G 2 9450 1 0 1 7 4 1 1 7 2 5 1 0 9 8 9 1 0 6 0 6 

1 0 0 . 0 0 1 1 0 5 8 0 1 1 3 3 7 1 3 9 3 6 1 2 7 4 0 1 2 1 5 6 

lOOC.OO .1 1 4 3 1 7 1 5 C 5 0 2 3 0 4 3 1 9 2 9 7 1 7 7 7 3 

1 0 0 0 0 . 0 0 . 01 18G46 1 8 6 4 4 3 5 5 8 3 2 7 1 7 7 2 4 2 4 5 
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02HB005 

O 99 95 

O R K V I L L E C R E E K AT M I L T O N 
CUMULATIVE P R O B A B I L I T Y IN PER CENT 
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C 2 H B 0 0 E O A K V I L L E CREEK AT M I L T O N 

DRAINAGE AREA 38 S Q . M I . 

P E R I O D OF RECORD 1 9 5 7 - 7 1 

REGULATED 

S E R I E S 

MEAN 

STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OE V A R I A T I O N 

D O E F F I C I E N T 

OF SKEW 

3 2 9 . 6 C 1 2 7 . 0 8 .386 . 3 6 7 

LOG X 

LOG ( X - A ) 

2 . 4 8 5 9 2 

2 . 6 5 5 3 6 

. 1 7 6 7 0 

. 1 1 9 2 1 

. 0 7 1 0 8 

. 0 4 4 8 9 

- . 2 9 2 0 6 

- . 0 7 3 2 2 

C A L C U L A T E D MEDIAN CX S E R I E S > = 3 1 1 . 6 7 

P ARAMETER A = - 1 3 8 . 6 2 

MEAN (3 L N T H E O R E T I C A L ) = 3 3 C . 9 6 

FLOOD E S T I M A T E S C^S 

LOG LOG 3 PARAMETER 

T p GUMBEL PEARSON PEARSON NORMAL LOG NOR! 

l . Q l 9 9 111 68 108 1 1 8 100 

1.05 9 5 1 5 6 1 3 4 1 5 1 1 5 6 1 4 9 

1.11 90 1 8 3 1 7 2 1 7 9 1 8 1 1 7 9 

1.25 80 221 2 2 1 218 2 1 7 220 

2 . 0 0 50 30 8 3 2 1 3 1 2 3 0 6 3 1 3 

2 . 3 3 4 2 . 9 2 330 3 4 5 3 3 5 3 2 9 3 3 6 

5.30 20 4 2 6 4 3 3 4 3 3 4 3 1 4 3 1 

1 0 . 0 0 10 504 4 9 6 5 0 8 5 1 5 5 0 4 

2 0 . 0 0 5 5 7 9 5 5 1 5 7 7 5 9 7 5 7 1 

5 0 . 0 0 2 676 6 1 5 6 6 1 7 0 6 6 5 6 

1 0 0 . 0 0 1 748 659 7 2 2 7 8 8 7 1 7 

1 0 0 0 . 0 0 .1 988 790 9 1 2 1 0 7 6 9 1 7 

1 0 0 0 0 . 0 0 .01 1 2 2 3 9 0 6 1 0 8 9 1 3 9 0 1 1 1 6 
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O 
to 

02Kfl002 OTTflWR R I V E R RT DES J O R C H I M S 
CUMULATIVE PROBf lBIL ITY IN PER CENT 

(O 
O 99 9 5 90 8 0 50 20 10 0 . 1 0 0 . 0 1 

CO -

r- • 

co-

cn 

O 

l . O l 1 . 0 5 1.11 1 . 2 5 2 5 10 20 50 100 1000 10000 

RECURRENCE INTERVflL IN YEflRS 

FIGURE 103 .FLOOD FREQUENCY flNflLYSIS - flNNUflL FLOOD SERIES 



C 2 K A 0 0 2 OTTAWA R I V E R AT TFS J O A C H I M S 

D R A I N A G E AREA 222 0 G S Q . M I . 

P E R I O D OF RECORO 1 9 5 1 - 7 1 

REGULATED 

S E R I E S 

MEAN 

STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OP V A R I A T I O N 

C O E F F I C I E N T 
OF SKEW 

7 5 8 1 9 . 0 5 2 5 6 6 9 . 5 8 . 3 3 9 . 9G9 

LOG X 4 . 8 5 6 7 8 . 1 4 5 3 5 . 0 2 9 9 3 - . 0 5 1 1 0 

LOG ( X - A ) 4 . 9 9 8 7 7 . 1 0 5 2 5 . 0 2 1 3 6 . 1 9 4 9 1 

C A L C U L A T E D MEDIAN (X S E R I E S ) = 7 2 5 0 0 .GC 

PARAMETER A = -26 7 6 5 . 3 2 

MEAN ( 3 L N T H E O R E T I C A L ) = 7 5 9 2 1 . 8 7 

FLOOO E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 
T P GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1.01 99 3 3 3 9 4 , 3 3 1 1 0 3 2 6 0 2 3 3 Q 1 4 2 9 9 8 2 

1.05 95 4 2 0 8 4 4 1 1 1 8 4 1 2 6 6 4 1 4 6 5 4 0 1 6 5 

1.11 9G 474G3 4 6 4 3 5 4 6 7 3 8 4 6 8 2 1 4 6 3 2 1 

1.25 3G . 5 4 6 4 9 5 3 9 6 2 5 4 2 9 7 5 4 2 5 0 5 4 5 4 5 

2.0C 5G 7 1 6 8 1 7 2 0 1 7 7 2 1 1 4 7 1 9 0 8 7 2 9 5 2 

2.33 4 2 . 9 2 7 5 9 6 8 7 6 6 0 4 7 6 5 3 5 7 6 4 2 5 7 7 4 4 9 

5 . 0 0 2C 9 4 5 9 6 9 5 4 6 2 9 5 3 9 1 9 5 3 1 5 9 5 5 2 6 

1 0 . 0 0 10 1 0 9 7 6 8 1 1 0 0 9 2 110 230 110 43 8 1 0 9 2 8 7 

2e.0Q c; 1 2 4 3 2 1 1 2 3 4 8 6 1 2 4 0 9 3 1 2 4 7 0 3 1 2 1 7 9 9 

5C.0C 2 1,43159 1400 86 1 4 1 6 8 6 1 4 2 9 9 7 1 3 7 2 8 0 

ICG.OC 1 1 5 7 2 7 5 1 5 2 0 4 9 1 5 4 6 6 6 1 5 6 6 2 5 1 4 8 4 5 9 

lOOC.OC .1 2 0 3 9 1 9 1 8 9 8 2 1 1 9 7 4 0 7 2 0 2 2 5 8 1 8 4 1 0 2 

IGOOC.QC . 0 1 2 5 0 4 8 1 2 2 5 8 9 2 2 4 0 8 1 6 2 4 9 7 3 3 2 1 8 8 8 6 
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OJ 

O 

1.01 1 . 0 5 1.11 1 . 2 5 2 5 10 20 50 100 1000 10000 

RECURRENCE INTERVAL IN YEARS 

F IGURE 104 .FLOOD FREQUENCY ANALYSIS - ANNUAL FLOOD SERIES 



C 2 F F C C 3 " f l i ^ K H I L L CREEK N'A" P A R K H I L L 

D R A I N A G E AREA U8 S Q . H I . 

P E R I O D OP RECORD 1 9 5 4 - 6 7 

NATURAL FLOW 

S E R I E S 

MEAM 

STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

1 4 2 2 . 6 4 9 C 3 . 5 2 . 6 7 5 . 8 4 6 

LOG K 7 . 0 6 7 2 8 . 2 9 2 1 9 . 0 9 5 2 6 - . 1 7 4 7 2 

LOG ( X - A ) 3 . 2 4 9 9 0 . 1 9 5 6 7 . 0 6 0 2 1 . 2 0 2 9 8 

C A L C U L A T E D MEDIAN (X S E R I E S ) = 1 1 9 5 . 0 0 

PARAMETER A = - 5 3 2 . 6 0 

MEAN (7 LN T H E O R E T I C A L ) = 1 4 3 5 . 1 5 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 

T p GUMSEL PEARSON PEARSON NORMAL LOG NORMAL 

l . Q l 99 36 - 1 2 1 2 2 4 2 4 4 90 

1.05 95 314 1 8 1 3 7 3 3 8 6 3 1 4 

1.11 90 • 4 8 5 3 7 7 4 8 7 4 9 2 4 6 5 

1.25 80 7 1 6 6 5 1 666 6 6 2 6 8 4 

2.0 C 5G 1 2 6 2 1 2 9 7 119G 1 1 6 7 1 2 4 5 

2 . 3 3 4 2 . 9 2 1 3 9 9 1 4 5 9 1 3 4 4 1 3 1 9 1 3 9 7 

5 . 0 0 20 1 9 9 5 2120 2 0 6 7 2 0 5 7 2 0 65 

IG.OO 10 2 4 8 1 2 6 2 8 2 7 2 8 2 7 6 6 2 6 3 5 

20.GC 5 2 9 4 7 3090 3 4 1 1 3 5 3 1 3 1 9 7 

5 0 , 0 0 2 3 5 5 0 3 6 5 9 4 3 6 2 4 6 4 9 3 9 5 2 

I O C , 0 0 1 40 G 2 5 1 2 0 5 5 8 3 4 5 3 7 

1 0 0 0 , 0 0 .1 5 4 9 5 5348 7 9 1 3 9 3 3 5 6 6 2 0 

l O a O C G G .01 6 9 8 5 6 5 6 2 1 1 1 5 5 1 4 2 6 2 8 9 6 8 
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o 
02KB001 PETRNRWR R I V E R NERR PETRNRNfl 

• ^ 9 9 95 90 8 0 

CUMULfiTIVE PROBFIBILITY IN PER CENT 
50 2 0 10 5 2 0 . 1 0 0 . 0 1 

1 .01 K O S 1.11 1 . 2 5 50 100 2 5 10 20 

RECURRENCE INTERVAL IN YEARS 

FIGURE 105 .FLOOD FREQUENCY A N A L Y S I S - ANNUAL FLOOD SERIES 

1000 10000 



C2K3CG1 PETAWAWA P I V E R NEAR PETAWAWA 

D R A I N A G E AREA 1E9 0 S O . H I . 

P E R I O D OF RECORO 1 9 1 6 - 7 1 

NATURAL FLOW 

S E R I E S 

MEAN 

STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

LOG X 

7 0 8 8 . 2 1 

3 . 9 2 0 6 8 

2 5 5 9 . 3 3 

. 1 6 8 5 8 

. 3 6 1 

. 0 4 4 1 2 

. 5 0 5 

- . 6 4 0 6 1 

LOG ( X - A ) 3 . 8 9 6 7 8 .1390 8 . 0 3 5 6 9 - . 3 8 6 7 6 

C A L C U L A T E D MEDIAN (X S F R I E S ) = 6 6 7 1 . 6 7 

PARAMETER A = - 1 1 8 7 . 6 9 

MEAN ( 3 L N T H E O R E T I C A L ) = 7 1 1 1 . 5 2 

FLOOO E S T I M A T E S CPS 

LOG LOG 

T P GUMBEL PEAPSON PEARSON NORMAL 

1.0 1 99 2 5 1 3 2C87 2 2 4 3 2 6 8 2 

1.35 95 3460 32 76 3 2 8 4 3 4 9 4 

1.11 90 4 0 4 1 3 9 7 9 3 9 5 0 4 G 2 3 

1.25 80 4 8 3 1 4 8 9 8 4 8 6 1 4 7 7 2 

2.00 5G 6 6 8 7 6 8 7 4 6 8 9 4 6 6 1 7 

2 . 3 3 4 2 . 9 2 7 1 5 5 7340 7 3 7 6 7 1 0 1 

5.0C 2G 9 1 8 5 9 1 5 3 9 2 2 5 9 1 7 5 

1 0 . 0 0 IC 1 0 9 4 0 1 0 4 7 2 1 0 5 1 4 10 8 8 4 

2 0 . 00 1 2 4 2 7 1 1 6 2 9 1 1 5 9 3 1 2 5 3 1 

5 0 . 0 0 2 1 4 4 8 1 1 3 0 1 0 1 2 8 0 4 1 4 6 8 7 

ICC.GC 1 1 6 0 2 0 1 3 9 7 5 1 3 5 9 9 1 6 3 2 2 

l u O G . u G .1 211G6 1 6 8 9 0 1 5 7 2 4 2 1 9 5 7 

GOOG.GG . C I 2 6 1 8 3 1 9 5 3 0 1 7 3 0 2 2 9 0 4 0 

3 PARAMETER 

LOG NORMAL 

2 5 5 5 

3 4 6 9 

4 0 4 2 

4 8 3 3 

6 6 9 6 

7 1 7 0 

9 1 3 7 

1 0 6 9 9 

1 2 1 6 4 

1 4 0 3 3 

1 5 4 1 8 

20 0 21 

2 4 7 6 2 
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RniSIN RIVER NEAR WILLIflMSTOWN 

CUMULnilVE PROBABILITY IN PER CENT 
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RECURRENCE I N T E R V A L IN YEARS 

F I G U R E 106.FLOOD FREQUENCY A N A L Y S I S - ANNUAL FLOOD S E R I E S 

1000 10000 



02MCQ01 R A I S I N R I V E R NEAR WILLIAMSTOWN 

DRAINAGE AREA 150 S Q . M I . 

P E R I O D OF RECORD 1 9 6 1 - 7 1 

NATURAL FLOW 

S E R I E S 

MEAN 

STANDARD 

O E V I A T I C N 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

2 7 3 5 . t 5 1 1 9 1 . 4 1 . 4 3 6 - . 0 1 2 

LOG X 3 . 3 9 1 8 9 . 2 1 8 9 6 . 0 6 4 5 6 - . 6 3 8 6 9 

LOG ( X - A ) 4.411411 . 0 1 9 9 5 . f c a 4 5 2 -.0 7 4 4 3 

C A L C U L A T E D MEDIAN (X S E R I E S ) = 2 7 9 3 . 3 3 

A D J U S T E D MeDIAN= 2 7 6 8 . 1 ^ ' 

P A F A M E T E R A = - 2 3 2 3 7 . 6 3 

KEAN ( 3 L N T H E C R E T I C A L ) = 2 7 3 7 . 3 9 

FLCOD E S T I M A T E S CFS 

LOG LOG 3 PARA ME 

T p GUMBEL PE A R S O N PEARSON NORMAL LOG NOR 

l . C l 9 9 6 0 1 - 4 6 605 7 6 3 80 

1.05 9 5 1 0 4 2 7 7 1 9 9 2 1 0 7 5 8 2 1 

1.11 9t; 1 3 1 2 1 2 0 6 1 2 6 1 1 2 9 1 12 26 

1.25 80 1 6 8 0 1 7 3 3 1 6 5 1 1 6 1 2 17 25 

2.00 5 0 2 5 4 5 2 7 3 7 2 5 9 9 2 4 6 5 2710 

2.33 4 2 . 9 2 2 7 6 3 2 9 5 4 2 8 3 8 2 7 0 2 2928 

5.00 Z'i 3 7 3 8 3 7 3 9 3 7 9 5 3 7 6 9 37 34 

1 0 . 0 0 10 4 4 7 9 4 2 6 1 4 4 9 9 4 7 0 5 42 84 

2 0 . 0 0 5 5 2 1 8 4 6 9 1 5 1 0 8 5 6 5 0 4 7 4 7 

5 0.00 2 6 1 7 4 5 1 7 4 5 8 1 4 6 9 4 4 52 78 

1 0 0 . 0 0 1 6 8 9 1 5 4 9 5 6 2 8 7 7 9 6 5 56 37 

1 0 0 0 . 0 0 . 1 9 2 5 9 6 3 9 5 7 5 9 7 1 1 7 0 8 6 6 6 8 

1 0 0 0 0 . 0 0 . 0 1 1 1 6 2 3 7 1 3 5 8 6 0 5 1 6 0 8 5 75 46 
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02Lf l004 RIDEflU R I V E R AT OTTflWfl 
S CUMULATIVE PROBf lB IL ITY IN PER CENT 

" 0 9 9 9 5 90 8 0 5 0 2 0 10 5 2 1 0 . 1 0 0 . 0 1 

o> • 
00 

C 

J O 

UJ H 1 1 1 I i 1 1 1 1 1 

l . O l 1 - 0 5 l . l l 1 . 2 5 2 5 10 20 50 100 1000 

RECURRENCE INTERVflL IN YEflRS 

FIGURE 107 .FLOOD FREQUENCY flNflLYSIS - flNNUflL FLOOO SERIES 
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u 2 L f l G C a R I D F a U R I V E R AT OTTAWA 

DRAINAGE AREA 1^90 S Q . ^ i . 

P E R I O D OR PECOPO 1 9 U 6 - 7 1 

R EGULATED 

S E R I E S 

MEAN 

STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

1 1 9 7 9 . 2 7 L 5 8 6 . Q 3 . 3 8 3 - . 4 01 

L OG X 4 . 0 3 7 5 9 . 2 0 8 0 7 . 0 5 1 5 3 - 1 . 0 1 3 7 1 

LOG ( X - A ) !• . 9 4 3 4 3 . 0 2 2 9 3 . 0 0 4 6 4 - . 4 7 6 7 6 

C A L C U L A T E D MEDIAN (X S E R I E S ) = 1 2 6 3 3 . 3 3 

A D J U S T E D MEDIAN= 1 1 8 5 9 . 4 4 

PARAMETFR = - 7 5 9 2 4 . 5 6 

MEAN (3 L N T H E O R E T I C A L ) = 1 1 9 8 2 . 6 6 

FLOOD E S T I M A T E S C-S 

LOG LOG 3 PARAMETER 
T P GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

l . G l 99 2 8 4 3 -23 2 5 4 3 3 5 7 7 1 7 1 8 
1.05 95 4 7 6 1 3 9 5 1 4 4 4 1 4 9 5 8 (•563 

1.11 90 5 9 3 5 5 9 4 1 5 7 5 0 5 8 9 9 6 1 1 8 

1.25 80 7 5 3 3 8 2 3 6 7 6 0 3 7 2 8 4 8 0 4 5 

2.00 50 1 1 2 9 2 1 2 2 8 4 1 1 7 9 6 1 0 9 0 4 1 1 8 62 

2 . 3 3 4 2 . 9 2 1 2 2 3 8 131G1 1 2 7 7 5 1 1 8 9 7 1 2 7 0 9 
5 . 0 0 2G 1 6 3 4 9 1 5 8 9 9 1 6 3 7 0 1 6 3 2 2 1 5 8 5 2 

1 0 . 0 0 10 1 9 6 9 7 1 7 6 2 4 1 8 6 8 6 2 0 1 5 2 1 8 0 0 9 

2C .00 c 2 2 9 0 8 1 8 9 6 6 2 0 4 7 1 2 3 9 8 0 1 9 8 2 6 

5 0 . 0 0 2 2 7 0 6 5 20 392 2 2 2 9 1 2 9 1 7 1 2 1 9 1 6 
1 0 0 . 0 0 1 3 0 1 8 0 2 1 2 9 2 2 3 3 6 8 3 3 2 3 1 2 3 3 3 1 

l O O C . 3 0 .1 4 0 4 7 4 2 3 6 1 8 2 5 7 5 3 4 7 9 1 9 2 7 4 1 5 
1 0 0 0 0 . 0 0 .01 5 0 7 4 9 2 5 3 2 3 2 7 0 1 0 6 4 8 0 2 3 0 9 1 0 
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0 2 F C 0 0 4 ROCKY S A U G E E N R I V E R NERR T R A V E R S T O N 
CUMULATIVE PROBf iB IL ITY IN PER CENT 

O 9 9 9 5 90 80 5 0 20 10 5 2 1 0 . 1 0 O . O l 

CD 



C 2 F C 0 0 4 ROCKY SAUGEEN R I V E R NEAR TRAVERSTON 

DRAINAGE AREA 96 S Q . V I . NATURAL FLOW 

P E R I O D OF RECOPQ 1 9 1 6 - 4 0 

S E R I E S 

MEAN 
STANOARO 

O E V I A T I O N 

COE F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

5 8 7 . 6 4 2 0 8 . 2 3 .354 1. 9 5 5 

LOG X 2 . 7 4 7 0 0 . 1 3 8 8 6 . 0 5 0 5 5 . 2 3 9 2 7 

LOG ( X - A ) 2 . 5 6 7 1 8 . 2 2 1 6 9 . 0 8 6 3 5 - 1 . 0 C 4 4 6 

C A L C U L A T E D MEDIAN (X S E R I E S ) = 5 2 6 . 0 0 

PARAMETER A = 1 7 4 . 2 8 

MEAN (3 LN T H E O R E T I C A L ) = 5 9 4 . 7 8 

FLOOD E S T I M A T E S CFS 

T F GUMBEL PEARSON 

1.01 99 275 3 7 5 

1.05 95 339 3 8 4 
1.11 90 378 3 9 7 
1.25 80 4 31 4 2 5 

2.00 50 5 5 6 5 2 6 
2 . 3 3 4 2 , 9 2 5 8 8 5 5 9 
5 . 0 0 20 7 2 5 7 1 4 

IC.OO IG 836 855 
2 C . 0 0 9 4 3 9 9 7 

5 0 . 0 0 2 1 0 8 1 1 1 8 8 

100.OG 1 1 1 8 5 1 3 3 4 
1 0 0 0 , 0 0 ,1 1 5 2 8 1 8 3 7 

1 0 0 0 0 , 0 0 ,01 1 8 6 9 2 3 6 4 

LOG LOG 3 PARAMETER 

PEARSON NORMAL LOG NORMAL 

230 2 6 5 2 8 6 

3 3 7 330 3 3 3 

3 7 4 370 3 6 6 

425 4 2 6 4 1 4 

5 5 1 5 5 8 ,543 

584 5 9 1 5 7 9 

7 2 7 7 3 0 7 4 1 

847 8 4 1 884 

9 6 4 9 4 4 1 0 2 9 

1 1 2 1 1 C 7 6 1 2 2 7 

1 2 4 2 1 1 7 4 1 3 8 4 

1 6 7 5 1 4 9 9 1 9 6 1 

2 1 7 1 1 3 3 4 2 6 3 9 
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02HB008 ROGERS C R E E K RT NORVRL 
CUMULATIVE P R O B A B I L I T Y IN PER CENT 

O 9 9 95 90 8 0 5 0 20 10 5 2 1 0 . 1 0 0 . 0 1 

cn • 
CO 

f . 

C O 

Ui 

CO 

CM 

O 

1.01 1 . 0 5 l . l l 1 . 2 5 2 5 10 20 50 100 1000 

RECURRENCE INTERVAL IN YEARS 

FIGURE 109 .FLOOD FREQUENCY A N A L Y S I S - ANNUAL FLOOD SERIES 
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G2H9G08 ROGERS C R E E K AT NORVAL 

D R A I N A G E AREA 49 S Q . M I . REGULATED 

P E R I O D OR RECORD 1 9 5 1 - 7 1 

S E R I E S 

MEAN 
STANOARO 

D E V I A T I O N 
C O E F F I C I E N T 

OF V A P I A T I O N 
C O E F F I C I E N T 

OF SKEW 

3 4 4 . 0 9 1 2 6 , 9 8 . 3 6 9 . 7 9 5 

LOG X 2 , 5 1 0 6 5 . 1 5 7 4 2 . C 6 2 7 0 . 1 1 5 7 7 

LOG ( X - A ) 2 . 3 2 3 3 5 . 2 3 8 5 8 . 1 0 2 4 7 - . 2 6 7 7 2 

C A L C U L A T E D MEDIAN CX S E R I E S ) = 3 0 4 . 3 3 

P ARAMETER A = 1 0 1 . 5 5 

MEAN C3 L N T H E O R E T I C A L ) = 3 4 9 . 2 2 

FLOOD E S T I M A T E S CFS 

T P GUMBEL PEARSON 

l . Q l 99 1 4 3 122 
1.05 95 184 1 6 7 

1.11 90 209 1 9 6 
1.25 80 2 4 3 235 
2 . 0 0 5G 322 3 2 7 
2 . 3 3 4 2 . 9 2 3 4 2 350 
5 . 0 0 20 4 2 9 4 4 2 

1 0 . 0 0 10 500 5 1 3 
2 0 . 0 0 5 5 6 8 5 7 7 
5 0 . 0 0 2 6 5 6 6 5 5 

1 0 0 . 0 0 1 7 2 2 7 1 1 

1 0 0 0 . 0 0 .1 940 8 8 6 
1 0 0 0 0 . 0 0 . 0 1 1 1 5 8 1 0 5 0 

LOG LOG 3 PARAMETER 

PEARSON NORMAL LOG NORMAL 

1 4 3 1 3 9 160 

180 1 7 3 1 8 7 

2 0 4 2 0 3 2 0 6 

2 3 8 2 3 8 2 3 5 

321 3 2 4 3 1 4 

343 3 4 6 3 3 6 

438 4 3 9 4 3 9 

5 1 7 5 1 5 5 3 2 

595 5 8 8 6 2 7 

6 9 7 6 8 2 7 5 9 

776 7 5 3 865 

1 0 5 4 9 9 3 1 2 6 4 

1 3 6 7 1 2 4 8 1 7 4 5 
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02HC022 ROUGE R I V E R NEflR MflRKHflM 
CUMULATIVE PROBf iB IL ITY IN PER CENT 

' 0 9 9 9 5 9 0 8 0 5 0 20 10 5 2 1 0 . 1 0 0 . 0 1 

<n -
O B -

r - -

CO -

10 -

<n -

N -

<n 
u_ 
CJ 'h 

X 
CD -

_ J 
1 . 
Ll_ CD -

1 0 -

>r X 

• • -

( o -

y 
X 

(SI -

0 

U O l 1 . 0 5 1 .11 1 . Z 5 2 5 10 20 50 100 1000 10000 

RECURRENCE INTERVfiL IN YEfiRS 

F IGURE I 10 .FLOOD FREQUENCY fiNfiLYSIS - fiNNUfiL FLOOD S E R I E S 



0 2 H C G 2 2 ROUGE R I V E R NEflR MARKHAM 

DR A I N A G E AREA 72 S Q . M I . 

P E R I O D OF PECORO 1 9 6 2 - 7 1 

NATURAL FLOW 

S E R I E S 

MEAN 

STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

6 6 1 . 7 0 3 2 8 . 9 9 .U97 

LOG X 2 . 7 6 7 6 1 . 2 3 3 6 6 . 0 8 4 4 3 - . 3 082 8 

LOG ( X - A ) 2 . 8 8 8 11 . 1 7 6 9 4 . 0 6 1 2 7 - . 1 0 2 7 4 

C A L C U L A T E D MEDIAN (X S E P I E S ) = 5 9 0 . 5 0 

PARAMETER A = - 1 6 9 . 5 9 

MEAN (3 L N T H E O R E T I C A L ) = 6 7 0 . 1 5 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 
T P GUMBEL PEARSON PEARSON NORMAL LOG NOR 

1.01 9 9 122 4 1 4 8 1 6 7 130 

1.05 95 2 3 2 1 6 5 231 2 4 1 2 2 5 

1.11 9C 2 9 9 2 5 9 2 8 9 2 9 3 2 8 8 

1.25 80 391 380 3 7 6 3 7 2 3 7 8 

2 . 0 0 50 606 6 3 7 6 0 1 5 8 5 6 0 3 
2 . 3 3 4 2 . 9 2 660 6 97 6 6 2 6 4 5 6 6 2 

5 . 0 0 2G 8 9 5 928 9 2 6 9 2 1 9 1 9 

IC.OC 10 1 0 8 7 1 0 9 5 1 1 4 3 1 1 6 7 1 1 3 3 
2 0 . 0 0 c 1 2 7 1 1 2 4 1 1 3 5 0 1 4 1 8 1 3 4 1 

5 0 . 0 0 2 1 5 0 9 1 4 1 3 1 6 1 5 1 7 6 8 1 6 1 5 

IOC .00 1 1 6 8 7 1 5 3 3 1 8 1 1 2 0 4 6 1 8 2 4 
1 0 0 0 . 0 0 .1 2 2 7 6 1 8 9 3 2 4 5 2 3 0 8 7 2 5 5 2 

10 0 0 0 . 0 0 . 0 1 2 8 6 4 2 2 1 6 3 0 8 3 4 3 3 3 3 3 4 8 
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02HM003 SALMON R I V E R NEAR S H A N N O N V I L L E 

O 99 95 90 80 
CUMULATIVE P R O B A B I L I T Y IN PER CENT 

50 20 10 5 2 0.10 0.01 

OD -

r--

<£>-

UJ -

LL. 

t n -

CO -

_ J 
L L U>-

u> -

o 

1.01 1.05 l . l l 1.25 2 5 10 20 50 100 

RECURRENCE INTERVAL IN YEARS 

FIGURE 111 .FLOOD FREQUENCY ANALYSIS - ANNUAL FLOOD SERIES 
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02HMCC3 SALMON s-IVtR NEA? S H A N N O N V I L L E 

D R A I N A G E AREA S Q . M I . 

P E R I O n OF PECORQ 1 9 5 9 - 7 1 

NATURAL FLOW 

S E R I E S 
MEAN 

STANDARD 
D E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 
OF SKEW 

2 1 0 6 . 1 5 7 4 6 . 3 3 . 3 5 I » . 7 5 8 

LOG X 3 . 2 9 9 0 0 . 1 5 1 7 0 . 0 4 5 9 8 . 0 9 2 8 4 

LOG ( X - A ) 3 . 2 9 5 9 2 . 1 5 2 7 5 . 0 4 6 3 4 . 0 8 8 2 1 

C A L C U L A T E D MEDIAN (X S £ R I E S ) = 1 9 6 3 . 3 3 

PARAMETER A = 1 3 . 3 0 

MEAN (3 LN T H E O R E T I C A L ) = 2 1 1 5 . 9 9 

FLOOD E S T I M A T E S C^S 

LOG LOG 3 PARAMETER 

T p GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

l . Q l 99 909 7 8 4 9 0 4 8 8 3 885 

1.05 95 1152 10 57 1 1 3 1 1 1 2 0 1 1 2 1 

1.11 9G 13C1 1 2 3 0 1 2 7 6 1 2 7 2 1 2 7 2 

1.25 80 1 5 0 4 1 4 6 8 1 4 8 1 1 4 8 3 1 4 8 3 

2.GO 5G 198Q 2 0 1 3 1 9 7 9 1 9 9 0 1 9 8 9 

2.3 3 4 2 . 9 2 21C0 2 1 4 7 2110 2 1 2 1 2 1 2 0 

5.QG 2G 2 6 2 1 2 6 9 0 2 6 6 6 2 6 7 1 2 6 7 1 

10.OC 10 3 0 4 5 3 1 0 0 3 1 2 5 3 1 1 5 3 1 1 6 

2 c . o e 3 452 3 4 7 0 3 5 6 8 3 5 3 6 3 5 3 8 

50.OC 2 3 9 7 9 3 9 2 3 4 1 5 0 i » 0 7 9 4 0 8 3 

l O C . O C 1 437U 4 2 4 6 4 5 9 3 4 4 8 5 4 4 9 2 

1 000.OC .1 5 6 7 9 5 2 4 9 6 1 3 6 5 8 5 7 5 8 7 3 

lOOOC.QC . C I 6 9 8 1 6 1 9 0 7 8 3 0 7 2 9 9 7 3 2 7 
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02Ff l001 Sf lUBLE R I V E R AT S A U B L E F A L L S 
CUMULATIVE P R O B A B I L I T Y IN PER CENT 

0 9 9 9 5 90 8 0 50 2 0 10 5 2 I 0 . 1 0 0 . 

X > 
X ^ X ^ 

x j y ^ 

/ X 

/ 
X 

X 

1.01 1 . 0 5 1.11 1 . 2 5 Z 5 10 2 0 50 100 1000 

RECURRENCE INTERVAL IN YEARS 

F IGURE 112 .FLOOD FREQUENCY A N A L Y S I S - ANNUAL FLOOD SERIES 



G 2 F A C 0 1 S a U S L E R I V E R AT S A U 3 L E F A L L S 

D R A I N A G E AREA 35 8 S O . H I . 

P E R I O D OF RECORD 1 9 5 7 - 7 1 

NATURAL FLOW 

S E R I E S 

MEAM 

STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

4 1 7 1 . 3 3 1 3 7 3 . 1 0 .330 - . 218 

LOG X 3 . 5 9 4 4 2 . 1 6 2 0 4 . 0 4 5 0 8 - . 7 3 3 6 6 

LOG ( X - A ) 4 . 7 5 7 3 1 . 0 2 6 4 6 . 0 0 6 0 7 - . 2 9 7 7 1 

C A L C U L A T E D MEDIAN (X S E R I E S ) = 4 2 1 6 . 6 7 

A D J U S T E D MEOIAN= 4 1 2 9 . 6 2 

P A RAMETER A = - 1 8 6 3 4 . 9 2 

MEAN ( 3 L N T H E O R E T I C A L ) = 4 1 7 3 . 8 7 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 

T P GUMBEL PEARSON PEARSON NORMAL LOG NOR 

1.01 99 1 5 6 5 7 4 6 1 3 5 6 1 6 5 0 1 1 2 4 

1.C5 95 2 1 0 8 1 8 2 2 199G 2 1 2 7 1 9 6 1 

1.11 9G 2 4 4 1 2 3 7 5 2 3 9 1 2 4 3 6 2 4 2 1 

1.25 80 2 8 9 4 30 28 2 9 3 2 2 8 7 0 2 9 9 3 

2.00 50 3 9 5 9 4 2 2 1 4 1 1 0 3 9 3 0 4 1 3 2 

2 . 3 3 4 2 . 9 2 4 2 2 7 4 4 6 9 4 3 8 4 420 6 4 3 8 5 

5 , 0 0 20 5 3 9 2 53 43 5 4 0 7 5 3 8 0 5330 

1 0 . 0 0 IG 6 3 4 1 5 9 0 2 6 0 9 7 6 3 4 1 5 9 8 1 

2C.0C 5 7 2 5 1 6349 6 6 5 8 7 2 6 0 6 5 3 1 

5 0 . 0 0 2 8 4 2 9 6 8 3 9 7 2 7 0 8 4 5 7 7 1 6 6 

I f l C O G 1 9 3 1 2 7 1 5 5 7 6 6 0 9 3 6 1 7 5 9 8 

1 0 0 0 . 0 0 .1 1 2 2 2 9 80 0 9 8 6 5 4 1 2 4 4 8 8 8 4 7 

1 0 0 0 0 , 0 0 ,01 1 5 1 4 0 8 6 7 4 9 3 3 9 1 5 7 4 7 9 9 2 3 
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0 2 F C 0 0 1 

• " 0 9 9 95 90 

SRUGEEN R I V E R NEAR PORT E L G I N 
CUMULATIVE P R O B A B I L I T Y IN PER CENT 

80 5 0 2 0 10 5 2 1 0 . 1 0 0 . 0 1 

OO' 

X X > 

/ 
/ 

<o' 

U>' 

C O 
LL-
LJ -b 

t o 

( O 

O 

1.01 1 . 0 5 l . U 1 . 2 5 2 5 10 20 5 0 100 

RECURRENCE INTERVAL IN YEARS 

F IGURE I 13 .FLOOD FREQUENCY A N A L Y S I S - ANNUAL FLOOD S E R I E S 

1000 10000 



0 2 F C G 0 1 SAUGEEN R I V E R NEAR PORT E L G I N 

D R A I N A G E AREA 1 5 7 0 S O . ̂ ^ I . 

P E R I O D OF RECORD 1 9 1 4 - 7 1 

NATURAL FLOW 

S E R I E S 

MEAN 

STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

; O E F F I C I E N T 

OF SKEW 

1 7 1 7 5 . 8 6 6 2 1 2 . 2 2 . 3 6 2 . 338 

LOG X 

LOG ( X - A ) 

4 . 2 C 4 2 3 

5.Q5G56 

.17G9Q 

. C 2 3 8 4 

. C 4 G 6 5 

. 0 0 4 7 2 

- . 5 6 1 5 2 

. 2 1 1 2 6 

C A L C U L A T E D MEDIAN (X S E R I E S ) = 1 7 0 4 1 . 6 7 

A D J U S T E D MEDIAN= 1 7 G C 4 . 1 G 

PARAMETER A = - 9 5 3 3 8 . 6 1 

MEAN (3 L N T H E O R E T I C A L ) = 1 7 1 7 5 . 2 9 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 

T p GUM9EL PEARSON PEARSON NORMAL LOG NOR 

1.01 9 9 5 8 6 4 4 2 7 5 5 4 6 3 6 4 0 7 3 5 4 3 

1.05 9 5 8 2 0 8 7 5 8 8 7 9 1 9 8 3 7 6 7 3 0 9 

1.11 90 9 6 4 4 9 4 7 3 9 4 9 9 9 6 6 3 9 3 7 5 
1.25 80 1 1 5 9 7 1 1 8 7 2 1 1 6 7 2 1 1 4 9 0 1 1 9 3 4 

2,0 0 5C 1 6 1 9 2 1 6 8 2 6 1 6 5 9 8 1 5 0 0 3 1 7 C 0 3 

2 . 3 3 4 2 . 9 2 1 7 3 4 9 1 7 9 6 1 1 7 7 8 7 1 7 1 9 2 1 8 1 3 6 

5,0 0 20 2 2 3 7 4 2 2 2 7 5 2 2 4 1 4 2 2 2 9 0 2 2 3 2 2 

1 0 . 0 0 IG 2 6 4 6 7 2 5 3 2 7 2 5 7 2 4 2 6 5 0 4 2 5 1 9 8 

2 0 , 0 0 5 3 0 3 9 3 2 7 9 5 5 2 8 5 5 1 3 0 5 7 4 2 7 6 2 4 

5 0 . 0 0 2 3 5 4 7 4 3 1 0 3 5 3 1 8 0 0 3 5 9 1 4 3 0 4 1 6 

1 0 0 , 0 0 1 3 9 2 8 3 3 3 1 5 6 3 3 9 7 6 3 9 9 7 1 3 2 3 0 7 

1 0 0 0 . 0 0 .1 5 1 8 6 6 3 9 4 2 9 4 0 0 2 2 5 3 9 9 1 3 7 7 7 4 

1 0 0 0 0 , 0 0 . 0 1 6 4 4 2 7 4 4 9 6 1 4 4 7 7 6 6 9 1 8 1 4 2 4 5 7 
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0 2 F C 0 0 2 S A U G E E N R I V E R NEAR N A L K E R T O N 

95 90 8 0 

CUMULATIVE PROBf lB IL ITY IN PER CENT 
50 20 to 5 2 0 . 1 0 0 . 0 1 

go-

r- • 

X X , 

X X 

^ • 

^ X 

tf^^ 

^y^. 
X 

( 

U_ 
L J - o 

1.01 1 . 0 5 1 .11 1 . 2 5 2 5 10 20 5 0 100 

RECURRENCE INTERVflL IN YEflRS 

F IGURE I U . F L O O D FREQUENCY flNflLYSIS - flNNUflL FLOOD S E R I E S 

1000 10000 



0 2 F C G 0 2 S f i U G E E N R I V E R NEAP WALKERTON 

D R A I N A G E AREA 850 S Q . M I . 

P E R I O D OF RECORD 1 9 1 4 - 7 1 

NATURAL FLOW 

S E R I E S 

MEAN 

STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

9 9 7 2 . 0 4 2 7 2 . 6 9 .428 1. 2 0 4 

LOG X 

LOG ( X - A ) 

3 . 9 6 2 5 1 

4 . C 3 3 0 0 

. 1 7 9 1 1 

. 1 5 2 5 8 

. 0 4 5 2 0 

. 0 3 7 8 6 

- . 0 0 2 3 3 

. 1 7 9 1 3 

C A L C U L A T E D MEDIAN (X S E P I E S ) = 9 1 1 2 . 5 0 

PARAMETER A = - 1 5 0 6 . 7 2 

MEAN (3 L N T H E O R E T I C A L ) = 9 9 7 0 . 3 0 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 

T P GUMBEL PEARSON PEARSON NORMAL LOG NOR 

1.0 1 9 9 3 2 7 3 3 7 2 3 3 5 1 2 3 5 1 4 3 2 5 6 

1.05 95 4 6 3 2 4 6 4 5 4 6 5 3 4 6 5 4 4 5 4 4 

1.11 90 5 4 6 4 5 3 3 4 5 4 0 5 5 4 G 6 5 3 6 8 

1.25 8C 6 5 9 6 6 3 8 4 6 4 8 2 6 4 8 1 6 5 1 3 

2.0G 5C 9 2 5 9 9 1 4 8 9 1 7 4 9 1 7 2 9 2 8 2 

2 . 33 4 2 . 9 2 9930 9 8 9 2 9 8 8 9 9 8 8 7 9 9 9 5 

5.CO 20 1 2 8 4 2 1 3 0 8 0 1 2 9 8 1 1 2 9 8 1 1 2 9 9 9 

IG.OC IG 1 5 2 1 5 1 5 6 6 7 1 5 5 6 2 1 5 5 6 4 1 5426 

2 0 . 0 0 5 1 7 4 9 0 181G4 1 8 C 7 2 1 8 G 7 7 1 7 7 3 1 

5G.QC 2 2 0 4 3 6 2 1 2 0 0 2 1 3 6 8 2 1 3 9 9 2 0 7 0 5 

lOG.OC 1 2 2 6 4 3 2 3 4 7 5 2 3 9 2 2 2 3 9 3 9 2 2 9 3 4 

1 0 0 0 . O C .1 2 9 9 3 7 3 C 8 5 5 3 2 7 6 0 3 2 8 0 5 3 0 4 6 5 

1 0 2 0 0 . 0 0 . 0 1 3 7 2 1 7 3 8 1 2 4 4 2 4 5 1 42 53 9 3 8 3 9 2 
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0 2 E C 0 0 3 S E V E R N R I V E R RT SWIFT R R P I D S 

" o 9 9 95 90 80 
CUMULATIVE PROBABILITY IN PER CENT 

50 20 10 5 2 0.10 0.01 

cn 

oo 

t~ 

CO 

in 

X X X I 
X X ^ 

K 

X 

K 

< 

to 
Ll-

cn 

CD 

_J 

Ll_ CD 
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CO 
O 

1.01 1.05 1.11 1.25 2 5 10 20 50 100 

RECURRENCE INTERVAL IN YEARS 

FIGURE 115.FLOOD FREQUENCY ANALYSIS - ANNUAL FLOOD SERIES 

1000 10000 



C ? F C G f l 3 S E V E R N R I V E R AT SWIFT R A P I D S 

DRAINAGE AREA 226C S Q . MI. 

PEPinO OF RECOPO 1 9 5 4 - 7 1 

R E GULATED 

S E R I E S 

MEAN 

STANDARD C O E F F I C I E N T C O E F F I C I E N T 

D E V I A T I O N OF V A R I A T I O N OF SKEW 

6 5 7 8 . 3 3 20 5 4 . 5 2 . 3 1 2 - 1 . 1 5 7 

LOG X 3 . 7 8 5 2 2 . 2 0 1 1 0 . 0 5 3 1 3 - 2 . 2 8 6 6 1 

LOG (X-A) 4 . 5 0 6 2 8 . 0 2 3 8 4 . 0 0 6 4 0 - 1 . 3 3 3 8 9 

C A L C U L A T E D MEDIAN ( X S E R I E S ) = 6 9 9 0 , 0 0 

A D J U S T E D MEOIAN= 6 5 1 2 , 5 5 

PARAMETER A = - 2 5 5 7 0 , 3 3 

MEAN ( 3 LN T H E O R E T I C A L ) = 6 5 8 3 , 2 6 

FLOOO E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 

T P GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1,01 99 1 3 8 6 145 1 C 7 7 2 0 7 7 1 9 2 0 

1.05 95 2 8 9 9 2 6 8 1 2 4 4 8 2 8 4 7 3 1 9 2 

1,11 9C 3520 3 8 3 7 3 4 2 5 3 3 6 8 3 8 9 4 

1.25 80 43 65 5 0 7 0 4 7 3 4 4 1 2 9 4 7 6 8 

2 , 0 0 50 6 3 5 2 696 0 7 1 0 0 6 0 9 8 6 5 1 3 

2 . 3 3 4 2 . 9 2 6 8 5 2 7 2 9 4 7 5 1 4 6 6 3 4 6 9 0 3 

5 , 0 0 20 9 0 2 5 83 C 3 8 5 9 6 9 0 0 6 8 3 5 8 

10.0 0 10 1 0 7 9 4 8 8 2 8 8 9 6 3 1 1 0 4 1 9 3 6 4 

2 0 . OG c 1 2 4 9 2 9 1 7 3 9 0 9 9 1 3 0 6 2 1 0 2 1 6 

5G,0C 2 1 4 6 8 9 9 4 8 3 9 1 4 2 1 5 7 8 5 1 1 2 0 2 

1 0 0 . 0 0 1 1 6 3 3 6 9 6 4 6 9 1 4 3 17 90 4 1 1 8 7 2 

1 0 0 0 , 0 0 .1 2 1 7 7 7 9 9 5 3 9 2 6 8 2 5 5 0 3 1 3 8 2 1 

1 0 0 0 0 , 0 0 . G l 2 7 2 0 8 1 0 0 7 6 9 8 2 8 3 4 1 4 2 1 5 5 0 4 
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csi 

1.01 1.05 l . l l 1.25 Z 5 10 20 50 100 1000 

RECURRENCE I N T E R V A L IN Y E A R S 

F I O U R E I 1 6 . F L O O D FREQUENCY A N A L Y S I S - ANNUAL FLOOD S E R I E S 

10000 



U2HLGG4 SKOOTAMATTA R I V E ^ NEAR A C T I N O L I T E 

D R A I N A G E AREA ? 7 E S Q . M I . 

P E R I O D OF RECORD 1 9 5 6 - 7 1 

R E GULATED 

S E R I E S 

M E A N 

STANDARD C O E F F I C I E N T C O E F F I C I E N T 

D E V I A T I O N OF V A R I A T I O N OF SKEW 

1 9 6 9 . 3 1 5 6 4 . 6 9 . 2 8 7 - . 4 1 3 

LOG X 3 . 2 7 4 8 C . 1 4007 . 0 4 2 7 7 - . 7 8 8 3 6 

LOG ( X - A ) 3 . 9 0 8 3 2 . C307C . 0 3 7 8 6 - . 4 9 4 9 7 

C A L C U L A T E D MEDIAN (X S E R I E S ) = 2 0 6 7 . 5 0 

A D J U S T E D MEOIAN= 1 9 4 9 . 6 2 

P A RAMETER A = - 6 1 4 6 . 3 6 

MEAN ( 3 L N T H E O R E T I C A L ) = 1 9 7 G . 6 2 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 

T p GUMBEL PEAPSON P E A P S O N NOPMAL LOG NOR 

1.01 9 9 868 4 8 6 7 4 1 8 8 9 7 2 2 

1.05 95 . 1 C 9 9 9 7 9 1 0 4 1 1 1 0 7 1 0 6 1 

1.11 90 1 2 4 0 1 2 2 5 1 2 2 4 1 2 4 5 1 2 4 9 

1.25 8 0 1 4 3 2 15G9 1 4 6 4 1 4 3 5 1 4 8 2 

2 . 0 0 5C 188 3 2008 1 9 6 2 1 8 8 2 1 9 5 0 

2 . 3 3 4 2 . 9 2 1 9 9 7 21G8 2 0 7 4 1 9 9 6 20 55 

5 . 3 0 20 2 4 9 1 2 4 5 2 2 4 7 9 2 4 7 0 2 4 4 7 

1 0 . 0 0 10 2 8 9 3 2 6 6 3 2 7 4 3 2 8 4 6 2 7 1 8 

2 0 . 0 0 c 3 2 7 9 2 8 2 7 2 9 5 1 3 2 0 0 2 9 4 8 

5 0 . 0 0 2 3 7 7 9 3 0 0 1 3 1 7 2 3 6 5 1 3 2 1 5 

1 0 0 . 0 0 1 4 1 5 3 3 1 1 0 3 3 0 9 3 9 8 6 3 3 9 7 

1 0 0 0 . 0 0 .1 5 3 9 3 3 3 9 3 3 6 4 7 5 1 0 0 3 9 2 7 

10 0 0 0 . 0 0 .01 6 6 2 4 3 5 9 8 3 8 6 6 6 2 4 9 4 3 8 5 
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02HDCG7 SOPER C R E E K AT BOWMANVILLE 

D R A I N A G E AREA 70 S Q . M I . 

P E R I O D OF RECOPO 1 9 E 9 - 7 1 

NATURAL FLOW 

S E R I E S 
MEAN 

STANDARD 

O E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

3 7 3 . 2 3 1 8 6 . 1 0 . 4 9 9 . 5 5 9 

LOG X 

LOG ( X - A ) 

2 . 5 1 8 1 6 

2 . 6 5 8 5 3 

. 2 3 1 9 5 

. 1 6 8 0 3 

. 0 9 2 1 1 

.0 6 3 2 0 

- . 2 7 6 4 6 

- . 0 4 0 2 7 

C A L C U L A T E D MEDIAN ( X S E R I E S ) = 3 3 4 . 5 7 

PARAMETER A = - 1 1 4 . 3 7 

MEAN ( 3 L N T H E O R E T I C A L ) = 3 7 6 . 5 8 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 

GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1.01 99 68 16 85 9 5 70 

1.05 95 130 99 131 1 3 6 1 2 6 

1.11 90 1 6 8 1 4 9 1 6 4 1 6 6 1 6 3 

1 . 2 5 80 219 2 1 3 2 1 2 2 1 0 2 1 4 

2.0 0 5C 341 3 5 6 3 3 7 3 2 9 3 4 1 

2 . 3 3 4 2 . 9 2 3 7 2 3 8 9 3 7 1 3 6 3 3 7 4 

5 . 0 0 20 505 5 2 2 5 1 9 5 1 6 5 1 6 

IC.OG 10 6 1 3 6 1 9 6 4 2 6 5 3 6 3 3 

2 0 . 0 0 5 7 1 7 7C5 7 5 9 7 9 3 7 4 6 

5 0 . 0 0 2 9 5 2 8 0 8 9 1 1 9 8 7 8 9 4 

l O C . Q C 1 953 8 8 1 1 0 2 4 1 1 4 1 1SQ6 

1 0 0 0 . 00 .1 1 2 9 6 1 1 0 1 1 3 9 9 1 7 1 7 1 3 9 1 

1 0 0 0 0 . 0 0 . 0 1 1 6 1 9 1 3 0 2 1 7 7 3 2 4 0 4 1 8 0 7 
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0 2 E 9 0 G 8 SOUTH MUSKOKfi R I V E R AT B A Y S V I L L E 

D R A I N A G E AREA 5 3 5 S Q , M I . 

P E R I O D OF RECOPO 1 9 4 2 - 7 1 

REGULATED 

S E R I E S 
MEAN 

STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

2 6 9 2 . 6 7 8 9 5 . 7 6 . 3 3 3 - . 1 7 1 

LOG X 3 . 4 C 1 4 9 . 1 7 1 7 3 . 0 5 0 4 9 - 1 . 1 1 3 2 5 

LOG ( X - A ) 4 . 1 7 3 1 9 . 0 2 6 2 8 . 0 0 6 3 0 - . 3 1 4 9 9 

C A L C U L A T E D MEDIAN ( X S E R I E S ) = 2 7 6 6 . 6 7 

A D J U S T E D MEDIAN= 2 6 6 5 . 7 4 

P A RAMETER A = - 1 2 2 3 3 . 8 5 

MEAN ( 3 LN T H E O R E T I C A L ) = 2 6 9 3 . 4 2 

FLOOD E S T I M A T E S C F S 

T P GUMBEL PEARSON 

1.01 9 9 914 4 9 6 

1.05 95 1 2 8 9 1 1 7 6 

1.11 90 1 5 1 8 1 5 2 9 

1.25 80 1830 1 9 4 6 

2 . 0 0 50 2 5 6 4 2 7 1 8 

2 . 3 3 4 2 . 9 2 2 7 4 9 2880 

5 . 0 0 20 3 5 5 2 3 4 5 3 

1 0 . 0 0 10 4 2 0 6 3 8 2 3 

2 0 . 0 0 c 4 8 3 3 4 1 2 1 

5 0 . 0 0 2 5 6 4 5 4 4 4 9 

1 0 0 .a c 1 6 2 5 4 4 6 6 3 

1 0 0 0 . 0 0 .1 8 2 6 4 5 2 4 4 

IflCQO.OO .01 1 0 2 7 2 57Q4 

LOG LOG 3 PARAMETER 

PEARSON NORMAL LOG NORMAL 

7 3 8 1 0 0 4 7 0 9 

1 1 9 3 1 3 1 5 1 2 5 4 

1 4 8 6 1 5 1 8 1 5 5 4 

1 8 8 1 1 8 0 6 1 9 2 6 

2 7 0 5 2 5 2 0 2 6 6 6 

2 8 8 6 270 8 2 8 3 1 

3 5 1 9 3 5 1 6 3 4 4 5 

3 9 0 0 4 1 8 4 3 8 6 8 

4 1 7 9 4 8 3 0 4 2 2 6 

4 4 5 0 5 6 7 8 4 6 3 8 

4 6 0 2 6 3 2 3 4 9 1 8 

4 9 1 3 8 5 5 3 5 7 3 0 

5 0 5 3 1 0 9 7 2 6 4 2 8 
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0 2 E B 0 0 2 SOUTH MUSKOKA R I V E R AT B L A C K B R I D G E 

O 99 95 90 8 0 
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so 20 10 S Z 0.10 0.01 
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F IGURE 119 .FLOOD FREQUENCY A N A L Y S I S - ANNUAL FLOOD S E R I E S 



G2E8GG2 SOUTH MUSKOKA R I V E R AT BLACK B R I D G E 

D R A I N A G E AREA 668 SQ . M I . R E G J L A T E O 

P E R I O D OF RECOPO 1 9 1 5 - 2 9 

S E R I E S 

MEAN 

STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

3652.GO 89 2.Q 3 . 2 4 2 . 0 8 7 

LOG X 3 . 5 5 0 1 5 .1Q39C . 0 3 0 5 7 - . 3 4 7 3 5 

LOG t X - A ) 3 . 7 3 3 0 0 . 0 7 0 9 4 .C190G - . 1 8 8 9 9 

C A L C U L A T E D MEDIAN f X S E R I E S ) = 3 5 8 0 . 0 0 

PARAMETER A = - 1 8 2 2 . 6 0 

MEAN f 3 L N T H E O R E T I C A L ) = 3 6 5 7 . 5 0 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 

GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1.0 1 99 2 0 4 9 1 6 5 7 1 8 5 9 1 9 8 0 1 8 7 5 

1.05 95 2 3 8 2 2 2 2 3 2 2 9 5 2 3 4 9 2 3 1 0 

1.11 9Q 2 5 8 5 2 5 2 9 2 5 5 3 2 5 7 3 2 5 6 3 

1.25 80 2 8 6 2 2 9 0 5 2 8 8 9 2 8 7 3 2 8 9 0 

2 . 0 0 50 3 5 1 4 3 6 3 9 3 6 0 1 3 5 4 9 3 5 8 4 

2 . 33 4 2 . 9 2 3 6 7 3 380 0 3 7 6 6 3 7 1 5 3 7 4 8 

5 . 0 0 2G 4 3 9 0 4 3 9 0 4 3 9 6 4 3 8 3 4 3 8 2 

1 0 . 0 0 10 4 9 7 1 4 7 9 0 4 8 4 2 4 8 9 5 4 8 4 4 

20.0 0 5 5 5 2 7 5 1 2 4 5 2 2 2 5 3 6 1 5 2 5 2 

5 0 . 0 0 2 6 2 4 8 5 5 0 4 5 6 6 4 5 9 4 0 5 7 4 0 

100.GC 1 6 7 8 8 5 7 6 0 5 9 6 4 6 3 5 9 60 84 

1 0 0 0 . 0 0 .1 8 5 7 2 6 4 3 7 6 8 2 7 7 7 0 2 7 1 3 5 

1 0 0 0 0 . 0 0 . 0 1 1 0 3 5 3 7 0 9 9 7 5 5 3 9 0 2 1 8 1 0 6 
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0 2 E B 0 0 3 SOUTH MUSKOKfi R I V E R RT MRTHIflS 

O 99 95 90 80 
CUMULATIVE PROBABIL ITY IN PER CENT 

so 20 10 5 2 0.10 0.01 

C O 



C 2 F 9 C S 3 SOUTH MUSKOKA R I V E R AT MATHIAS 

D R A I N A G E AREA 660 S O . M I . REGULATED 

P E R I O D OF RECORD 1 9 3 0 - 4 9 

S E R I E S 
MEAN 

STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

2 9 6 8 . 5 0 7 5 8 . 5 6 . 2 5 6 - . 7 1 3 

LOG X 3 . 4 5 5 4 6 . 1 3 3 9 1 .0 3 8 7 5 - 1 . 5 4 5 4 3 

LOG ( X - A ) 3 . 9 8 6 4 3 . 0 3 5 8 1 . 0 0 8 7 8 - . 9 3 2 5 6 

C A L C U L A T E D MEDIAN ( X S E R I E S ) = 3 0 2 7 . 5 0 

A D J U S T E D MEOIAN= 2 9 3 8 . 8 2 

PARAMETER A = - 6 7 5 3 . 1 7 

MEAN ( 3 LN T H E O R E T I C A L ) = 2 9 7 0 . 5 5 

FLOOD E S T I M A T E S CES 

T P GUMBEL PEARSON 

1.01 99 1 3 2 7 8 1 6 

1.05 95 1 6 7 9 1 5 8 8 

1.11 9G 1 8 9 4 1 9 5 8 

1.25 80 2 1 8 7 2 3 7 1 

2.00 50 2 8 7 6 3 0 5 7 

2 . 3 3 4 2 . 9 2 3 0 5 0 3 1 8 8 

5 . 0 0 20 3 8 0 3 3 6 1 7 

1 0 . 0 0 10 4 4 1 7 38 64 

2 0 . 0 0 c 5 0 0 5 40 45 

5 0 . 0 0 2 5 7 6 7 4 2 2 7 

1 0 0 . 0 0 1 6 3 3 8 4 3 3 6 

1 0 0 0 . 0 0 .1 8 2 2 5 4 5 9 2 

1 0 0 0 0 . 0 0 . 0 1 1 0 1 0 9 4 7 5 4 

LOG LOG 3 PARAMETER 

PEARSON NORMAL LOG NORMAL 

10 1 0 1 3 9 3 1 2 8 2 

1 5 6 8 1 7 1 8 1 7 3 5 

1 9 0 0 1 9 2 2 1 9 8 7 

2 3 1 6 2 2 0 1 2 3 0 3 

3 0 7 4 2 8 5 4 2 9 3 9 

3 2 2 0 3 0 1 8 3 0 8 2 

3 6 7 2 3 7 0 0 3 6 1 9 

3 8 9 6 4 2 3 7 3 9 9 4 

4 0 3 4 4 7 3 9 4 3 1 3 

4 1 4 2 5 3 7 6 4 6 8 4 

4 1 9 0 5 8 4 7 4 9 3 7 

4 2 4 9 7 4 0 0 5 6 8 0 

4 2 5 3 8 9 8 6 6 3 2 8 
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0 2 L B 0 0 9 

• " 0 9 9 

SOUTH N A T I O N R I V E R AT C H E S T E R V I L L E 
CUMULATIVE PROBf lB IL ITY IN PER CENT 

95 90 80 SO 20 10 0.10 0.0 

'^''^ X 
X 

/ 

C D 
LI-

1.01 l.OS 1.11 1.Z5 SO 100 Z 5 10 20 

RECURRENCE INTERVflL IN YEflRS 

F IGURE 121 .FLOOD FREQUENCY A N A L Y S I S - ANNUAL FLOOD S E R I E S 

1000 100 



G2LBGG9 SOUTH NATI O N P I V E R AT C H E S T E R V I L L E 

D R A I N A G E AREA WQU SQ , M I . NATURAL FLOW 

P E P I O O OF PECQPD 1 9 5 G - 7 1 

S E R I E S 
MEAN 

STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

6 2 C 2 . 7 7 2 1 1 5 . 3 7 .341 - . 0 8 3 

LOG X 

LOG ( X - A ) 

3 . 7 6 3 8 7 

4 . 5 5 7 1 9 

.17.331 

. 0 2 5 5 6 

. 0 4 5 3 8 

. 0 0 5 6 1 

- . 9 1 3 6 1 

- . 2 0 2 3 3 

C A L C U L A T E D MEDIAN CX S E R I E S ) = 6 3 0 5 . 0 0 

A D J U S T E D MEDIAN= 6 1 4 0 . 7 0 

PARAMETER A = - 2 9 9 3 C . 6 2 

MEAN ( 3 L N T H E Q P E T I C A D = 6 2 0 4 . 9 6 

FLOOD E S T I M A T E S C-S 

LOG LOG 3 PARAMETER 

T P GUMBEL PEARSON PEARSON NORMAL LOG NORI 

1.01 9 9 2 1 4 1 1 1 5 2 1 8 0 3 2 3 2 5 1 5 2 8 

1.05 9 5 2 9 9 1 2 6 7 3 2 7 9 6 3 04 0 2 8 1 4 

1.11 90 3 5 1 2 3 4 7 2 3 4 3 4 3 5 0 6 3 5 2 1 

1.25 80 4 2 2 1 4 4 3 0 4 2 9 7 4 1 6 9 4 3 9 9 

2 . 0 0 50 5 8 8 8 6 2 3 2 6 1 5 5 5 8 0 5 6 1 4 3 

2 . 3 3 4 2 . 9 2 6 3 0 8 6 6 1 6 6 5 7 8 6 2 3 6 6 5 3 1 

5 . 0 0 20 8 1 3 1 7 9 9 1 8 1 1 5 8 0 8 5 7 9 7 5 

1 0 . 0 0 10 9 6 1 6 9 8 9 4 9 1 0 4 9 6 1 2 8970 

2 0 . 0 0 5 1 1 0 4 0 9 6 3 1 9 8 7 4 1 1 C 9 8 9 8 1 0 

5 0 . 0 0 2 1 2 8 8 4 1 0 4 5 2 1 0 6 7 3 130 2 3 1 0 7 7 8 

1 0 0 . 0 0 1 1 4 2 6 5 1 0 9 9 3 1 1 1 5 6 1 4 4 9 3 1 1 4 3 5 

1 0 0 0 . 0 0 .1 1 8 8 3 0 1 2 4 8 9 1 2 2 8 1 1 9 5 7 3 1 3 3 3 7 

1 0 0 0 0 . 3 0 . 0 1 2 3 3 8 8 1 3 6 9 8 1 2 9 4 0 2 5 0 7 7 1 4 9 7 2 
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0 2 L B 0 0 7 SOUTH N A T I O N R I V E R AT S P E N C E R V I L L E 
CUMULATIVE PROBf lB IL ITY IN PER CENT 

99 95 90 80 50 20 10 5 2 I 0.10 0. 

X X 
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: / 
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/ A / 
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1-01 1.05 l . l l l .ZS 2 5 10 20 SO 100 1000 

RECURRENCE INTERVflL IN YEflRS 

F IGURE 122 .FLOOD FREQUENCY flNflLYSIS - flNNUflL FLOOD S E R I E S 



C 2 L B C u 7 SOUTH N A T I O N R I V E P AT S P F N C E R V I L L E 

D R A I N A G E AREA 95 S Q . M I . 

P E R I O D OF RECOFD 1 9 4 8 - 7 1 

REGULATED 

S E R I E S 

MEAN 

STANDARD 

DEV l A H O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

1 7 2 5 . 8 3 8 0 2 . 7 1 . 4 6 5 . 6 7 5 

LOG X 3.188 2 6 . 2 1 8 1 1 . C 6 8 4 1 - . 4 0 9 9 0 

LOG ( X - A ) 4 . 2 7 1 1 1 . 0 1 8 4 5 . 0 0 4 3 2 . 5 6 0 8 7 

C A L C U L A T E D MEDIAN (X S E R I E S ) = 1 7 7 0 . 0 0 

A D J U S T E D MEDIAN= 1 7 0 8 . 5 8 

PARAMETER A = - 1 6 9 5 9 . 1 5 

MEAN (3 LN T H E O R E T I C A L ) = 1 7 2 6 . 0 1 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 

T P GUMBEL PEARSON PEARSON NORMAL LOG NOR 

l . G l 99 364 2 5 6 4 1 3 4 7 9 - 4 6 

1.G5 9 5 6 4 3 5 75 6 3 9 6 7 5 4 4 9 

1.11 9G 814 7 7 2 7 9 6 8 1 0 7 2 0 

1.25 8G 1047 1 0 3 8 1 C 2 4 1 0 1 0 1 C 5 3 

2.00 5C 159£* 1 6 3 6 1 5 9 6 1 5 4 2 1 7 0 9 

2 . 3 3 4 2 . 9 2 1 7 3 1 1 7 8 2 1 745 1 6 9 0 1 8 5 4 

5 . 0 0 20 2 33G 236G 2 3 6 9 2 3 5 4 2 3 8 9 

I C . Q C 10 2 8 1 7 27 93 286G 2 9 3 6 2 7 5 4 

2G.QC 5 3 2 8 5 318 0 3 3 1 0 35 2 4 3 0 6 0 

5 0 . 0 0 2 3890 3 6 4 9 3 8 6 6 4 3 2 7 3 4 1 1 

100.OC 1 4 3 4 3 3 9 8 1 4 2 6 3 4 9 6 1 3 6 4 8 

1 0 0 0 . 0 0 .1 5 8 4 2 5 0 0 6 5 4 8 5 7 2 8 1 4 3 2 8 

IQOOC.OC . 0 1 7 3 3 8 5 9 5 6 6 5 9 3 9 9 9 1 4 9 0 5 
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0 2 L B 0 0 5 SOUTH N A T I O N R I V E R NEAR P L A N T A G E N E T SPRINGS 
CUMULATIVE PROBflBILITY IN PER CENT 

0 99 95 90 80 50 20 10 5 2 1 0.10 0.01 

^1 I I I I I I I I I I =1 

l O 

1.01 1.05 1.11 l.ZS 2 5 10 20 50 100 1000 

RECURRENCE INTERVflL IN YEflRS 

FIGURE 123.FLOOD FREQUENCY ANALYSIS - ANNUAL FLOOD SERIES 

10000 



C 2 L R 0 C 5 SOUTH N A T I O N P I V F R NEAR P L A N T A G E N E T S P R I N G S 

D R A I N A G E AREA 147C S Q . H I , 

P E R I O D OP RECORD 1 9 3 3 - 7 1 

REGULATED 

S E R I E S 

MEAN 

STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

0<^ V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

2 4 4 6 4 . 6 2 9 2 Q 3 . 9 7 .376 - . 0 9 3 

LOG X 4 . 3 5 0 5 6 . 1 9 3 7 7 . 0 4 5 6 9 - 1 . 0 9 2 0 1 

LOG ( X - A ) 5 . 2 3 8 4 0 .G2317 . 0 0 4 4 2 - . 2 0 1 5 4 

C A L C U L A T E D MEDIAN (X S E R I E S > = 2 4 2 7 1 . 4 3 

A D J U S T E D MEDIAN= 2 4 2 1 9 . 9 7 

PARAMETER A = - 1 4 8 9 1 3 . 9 3 

MEAN ( 3 L N T H E O R E T I C A L ) = 2 4 4 6 7 . 1 7 

FLOOD E S T I M A T E S CPS 

LOG LOG 3 PARAMETER 

T p GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1.01 9 9 6 5 3 9 2 4 3 1 545C 7 7 3 0 4 C 1 9 

1.35 9 5 1 0 2 9 6 90 85 9 4 5 0 1 0 5 5 8 9 6 7 8 

1.11 90 1 2 5 9 8 1 2 5 7 7 1 2 1 6 7 1 2 4 6 6 1 2 7 7 9 

1.25 80 1 5 7 2 9 1 6 7 5 9 1 5 9 5 3 1 5 2 4 7 1 6 6 1 9 

2.00 50 2 3 0 9 2 2 4 6 G 6 2 4 2 9 7 2 2 4 1 6 2 4 2 2 5 

2 . 3 3 4 2 . 9 2 2 4 9 4 6 2 6 2 7 6 2 6 1 9 5 21*363 2 5 9 1 4 

5 . 0 0 20 32 9 9 9 3 2 2 5 2 3 3 0 0 1 3 2 9 5 5 3 2 1 7 9 

10.0 0 10 3 9 5 5 3 3 6 1 6 8 3 7 2 3 2 4 0 3 0 8 3 6 4 8 1 

2 0 . 0 0 4 5 8 5 0 3 9 3 5 8 4 0 3 9 7 4 7 5 9 3 4 0 1 0 6 

5 0 . 0 0 2 5 3 9 9 5 4 2 9 0 9 4 3 5 1 9 5 7 3 9 1 4 4 2 7 6 

1 0 0 . 0 0 1 6 0 0 9 8 4 5 2 4 5 4 5 3 0 5 6 4 9 9 9 4 7 1 0 0 

1 0 0 0 . 0 0 .1 8 0 2 6 4 5 1 6 9 9 4 9 0 3 6 9 2 2 0 9 5 5 2 5 4 

10 0 0 0 . 0 0 .01 10 0 3 9 4 5 6 9 G 2 5 0 7 8 6 1 2 3 G 2 7 6 2 2 3 3 
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02GR008 S P E E D R I V E R AT H E S P E L E R 
CUMULATIVE P R O B A B I L I T Y IN PER CENT 

' 0 9 9 9 5 90 80 SO 20 10 5 2 1 0.10 0.01 

V 

X 

- X 

yy X 

yy 
A. 

1.01 1.05 1.11 l .ZS Z 5 10 ZO 50 100 1000 10000 

RECURRENCE INTERVAL IN YEARS 

FIGURE 124 .FLOOD FREQUENCY A N A L Y S I S - ANNUAL FLOOD S E R I E S 



0 2 G A C G « S P E E D R I V E E AT H E S P E L E R 

D R A I N A G E A R ^ A 2 7 3 S Q . M I . R E G U L A T E D 

P E R I O D OE R E C O R D 1 9 1 4 - 2 8 

S E R I E S STANDARD C O E E F I C I E N T C O E F F I C I E N T 

MEAN D E V I A T I O N 0=̂  V A R I A T I O N OF SKEW 

2 9 0 1 , 3 3 8 2 6 . 5 3 . 2 8 5 , 6 2 9 

LOG X 3 . 4 4 6 4 6 . 1 2 2 4 5 . 0 3 5 5 3 . 0 8 4 1 7 

LOG t X - A ) 4.G376G . 0 3 2 3 3 . 0 0 8 0 1 . 4 7 1 5 6 

C A L C U L A T E D MEDIAN (X S F P I E S ) = 2 3 7 C . G C 

PARAMETER A = - 8 0 3 1 . 4 1 

MEAN (3 LN T H E O R E T I C A L ) = 2 9 0 2 . 8 5 

FLOOD E S T I M A T E S C^S 

LOG LOG 3 PARAMETER 
T P GUM9EL PEARSON PEARSON NORMAL LOG NORMAL 

1.01 99 1 5 3 2 1360 1 4 7 6 1 4 5 0 1 1 3 9 
1.0 5 95 1 8 1 1 1 7 3 4 1 7 7 0 1 7 5 8 1 6 1 6 
1.11 9G 1 9 8 2 1 9 1 3 1 9 5 2 1 9 4 7 1 8 8 0 
1.25 8C 2 2 1 5 2 1 9 3 2 2 0 2 2 2 0 4 2 2 1 0 

2.GC 5G 2 7 6 2 2 8 1 5 2 7 8 4 2 7 9 5 2 8 72 

2.3 3 4 2 . 9 2 2900 2 9 6 5 2 9 3 1 2 9 4 2 3 0 2 1 
5 . 0 0 20 3 4 9 9 3 5 5 8 3 5 4 0 3 5 4 4 3 5 78 

1 0 . 0 0 IC 3 9 8 6 3 9 9 9 4 0 2 2 4 0 1 2 3 9 6 4 
2G.0G 4 4 5 4 4 3 9 0 4 4 7 4 4 4 4 5 4 2 9 3 
5 C . C 0 2 50 5 9 , 4 8 6 3 5 0 5 2 4 9 8 8 4 6 7 4 

1 0 0 . 0 0 1 5 5 1 3 5 1 9 7 5 4 8 0 5 3 8 6 4 9 3 4 
lOOG.GG . 1 7 0 1 2 6 2 2 1 6 9 1 1 6 6 8 0 5 6 9 3 

lOOOG.OG .01 85C8 7 1 6 4 8 3 9 9 7 9 7 9 6 3 5 1 
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1.01 1.05 l . l l 1.25 2 5 10 20 50 100 1000 

RECURRENCE I N T E R V A L IN YEARS 

F IOURE 1 2 5 . F L O O D FREQUENCY A N A L Y S I S - ANNUAL FLOOD S E R I E S 

10000 



C 2 G f l C 1 5 SPEEO R I V E R BELOW G U E L P H 

D R A I N A G E AREA 22R S Q . H I . 

P E R I O D OP RECORD 1 9 E 1 - 7 1 

R E GULATED 

S E R I E S 

MEAN 

STANDARD 

D E V I A T I O N 

C O E F E I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

2 1 1 2 . 3 8 1 0 6 8 . 8 3 . 5 0 6 . 6 8 4 

LOG X 3 . 2 6 8 7 4 . 2 3 3 2 0 . 0 7 1 3 4 - . 3 1 4 3 8 

LOG ( X - A ) 3. 2 6 3 8 G . 2 3 6 0 2 . 0 7 2 3 1 - . 3 3 0 3 4 

C A L C U L A T E D MEDIAN ( X S E R I E S ) = 1 7 9 0 . 0 0 

P ARAMETER A = 1 8 . 1 8 

MEAN (3 L N T H E O R E T I C A L ) = 2 1 4 5 . 9 3 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 
T p GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

l . C l 99 371 1 6 2 470 5 3 2 5 3 6 

1.05 95 7 2 4 5 8 4 7 3 3 7 6 7 7 6 9 

1.11 90 941 8 4 5 9 1 8 9 3 2 9 3 2 

1.25 8G 1 2 3 5 1 1 9 7 1 1 9 3 1 1 8 1 1 1 7 9 

2 . 0 0 50 1 9 2 7 1 9 9 2 1 9 0 9 1 8 5 6 1 8 5 3 

2 . 3 3 4 2 , 9 2 2 1 0 2 2 1 8 5 2 1 0 2 2 0 4 7 2 0 4 4 

5 . 0 0 20 2 8 5 9 2 9 5 6 2 9 3 5 2 9 1 8 2 9 1 9 

10.OG 10 3 4 7 6 3 5 3 4 3 6 1 9 3 6 9 5 3 7 0 2 

2 0 . 0 0 c 4 0 6 8 4 0 5 1 4 2 6 9 4 4 9 1 4 5 0 6 

5 0 , 0 0 2 4 8 3 3 4 6 7 8 5 1 0 1 5 5 9 4 5 6 2 3 

100,OG 1 5 4 0 7 5 1 2 3 5 7 1 6 6 4 7 3 6 5 1 6 

1000 .00 ,1 7 3 0 4 6 4 9 4 7 7 1 7 9 7 5 7 986Q 

1 0 0 0 0 , 0 0 , 0 1 9 1 9 7 7 7 6 8 9 6 8 3 1 3 6 8 4 1 3 8 7 8 
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02HB010 S P E N C E R CREEK AT DUNDHS C R O S S I N G 
C U M U L A T I V E P R O B A B I L I T Y IN PER CENT 

' 0 9 9 95 90 80 50 20 10 5 2 1 0 . 1 0 0 . 0 1 

cn 
to 

CD 

10 - | 1 1 1 1 1 

CO 

Csl 

C D 

I D 

CO 

1 .01 1 .05 1.11 1 . 2 5 2 5 10 20 

R E C U R R E N C E I N T E R V A L IN Y E A R S 

50 100 1000 10000 

F I G U R E 126.FLOOD FREQUENCY A N A L Y S I S - ANNUAL FLOOD S E R I E S 



G2H8G1C S P E N C E R CREEK AT OUNOAS C R O S S I N G 

D R A I N A G E AREA 64 S Q . M I . 

P E R I O D OF RECORD 1 9 6 1 - 7 1 

REGULATED 

S E R I E S 

MEAN 

STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OP V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

5 9 6 . 9 1 2 37.9 0 . 3 9 9 .2 67 

LOG X 2 . 7 4 0 7 G .19C9 3 .0 6 9 5 7 - . 6 G 9 2 4 

LOG ( X - A ) 3 . 6 7 5 9 1 . 0 2 1 6 9 .GQ590 , 1 6 9 6 1 

C A L C U L A T E D MEDIAN (X S E R I E S ) = 5 9 2 . 0 0 

A D J U S T E D MEOIAN= 5 9 0 . 9 4 

PARAMETER A = - 4 1 4 9 . 9 1 

MEAN t 3 LN T H E O R E T I C A L ) = 5 9 7 , 3 5 

FLOOD E S T I M A T E S C^S 

LOG LOG 3 PARAMETER 

T p GUMBEL PEARSON PEARSON NORMAL LOG NOR 

1.01 99 183 90 1 6 3 1 9 7 71 

1.0 5 95 2 6 6 224 2 4 9 2 6 7 2 1 7 

1.11 90 319 2 9 9 3 0 7 3 1 3 2 9 7 

1.25 8G 3 9 1 3 94 3 8 7 3 8 0 3 96 

2 . 0 0 5C 5 5 9 586 575 5 5 0 5 9 1 

2 . 3 3 4 2 . 9 2 6 0 2 6 2 9 6 2 1 5 9 6 6 3 4 

5.0C 20 7 86 7 9 3 8 0 1 7 9 7 7 9 5 

1 0 . 0 0 IC 9 3 6 9 0 7 9 3 2 9 6 7 9 C 5 

2G.0G 1080 1G05 1 0 4 3 1 1 3 4 9 9 7 

5 0 . 0 0 2 1 2 6 7 1 1 1 8 1 1 7 1 1 3 5 7 11G3 

1 0 0 . 0 0 1 14C7 1 1 9 6 1 2 5 6 1 5 3 0 1 1 7 5 

lOOG.OO .1 1 8 6 9 1 4 2 4 1 4 9 2 2 1 4 1 1 3 8 2 

1 0 0 0 0 . 0 0 .01 2330 1 6 2 2 1 6 7 4 2 8 2 4 1 5 5 9 
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02GG002 SYDENHAM R I V E R AT A L V I N S T O N 
o C U M U L A T I V E P R O B f l B I L I T Y IN PER CENT 

' o 99 95 90 80 50 20 10 5 2 1 0.10 0.01 

cn 

1 .01 1.05 1.11 1.25 2 5 10 20 50 100 ' 1000 

RECURRENCE I N T E R V A L IN YEARS 

F I G U R E 127.FLOOD FREQUENCY A N A L Y S I S - ANNUAL FLOOD S E R I E S 

10000 



02GGGu2 SYDENHAM R I V E R AT A L V I N S T O N 

D R A I N A G E AREA 2 8 3 S Q . M I . 

P E R I O D OF RECOPO 1 9 4 8 - 7 1 

NATURAL FLOW 

S E R I E S 

MEAN 
STANDARD 
D E V I A T I O N 

C O E F F I C I E N T 
OF V A P I A T I O N 

C O E F F I C I E N T 

OF SKEW 

344C . 42 1 3 6 3 . 8 8 . 3 9 6 . 6 2 3 

LOG X 3 . 5 G 1 2 8 . 1 8 6 2 7 . 0 5 3 2 0 - . 6 3 1 9 9 

LOG CX-A) 4 . 4 3 1 9 4 .0 2 1 6 3 . 0 0 4 8 8 . 4 7 5 7 8 

C A L C U L A T E D MEDIAN (X S E P I E S > = 3 4 3 2 . 5 0 

A D J U S T E D MEDIAN= 3 4 0 6 . 0 1 

PARAMETER A = - 2 3 6 2 7 . 9 3 

MEAN (3 L N T H E O R E T I C A L ) = 3 4 4 0 . 9 7 

FLOOO E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 
T p GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1.0 1 99 1C54 8 9 1 9 6 2 1 1 6 9 4 4 9 

1.05 95 1 5 4 3 1 4 6 1 1 4 6 3 1 5 6 6 1 2 8 0 

1.11 90 1 8 5 0 1BQ9 1 7 9 3 1 8 3 0 1 7 3 5 
1,25 8 0 2 262 2 2 7 2 2 2 5 4 2 2 1 0 2 2 9 7 

2.00 5C 3 2 2 9 330 0 3 3 1 6 3 1 7 1 3 4 0 8 

2 , 3 3 4 2 . 9 2 3 4 7 3 3 5 4 7 3 5 7 4 3 4 2 9 3 6 5 4 
5 . 0 0 20 4 5 3 1 4 5 2 6 4 5 7 8 4 5 5 1 4 5 6 6 

10,OC IC 5 3 9 3 5 2 5 1 5 2 9 3 5 4 9 6 5 1 9 0 

2G.0C c 6 2 1 9 5 8 9 6 5 9 0 0 6 4 2 2 5 7 1 6 
5 G , a o 2 7 2 8 9 6 6 7 4 6 5 9 0 7 6 5 3 6320 

1 0 0 . 0 0 1 8 0 9 1 7 2 2 3 7 0 4 8 8 6 0 0 6 7 2 9 

1 0 0 0 ,GO .1 1 0 7 4 1 89G5 8 2 9 1 1 1 9 3 5 7 9 0 7 

1 0 0 0 0 . O C .01 1 3 3 8 6 1 C 4 5 5 9 2 3 1 1 5 6 3 8 8 9 1 2 

251 



0 2 F B 0 0 7 

O 99 95 90 

SYDENHAM R I V E R NERR OWEN SOUND 
CUMULATIVE PROBABIL ITY IN PER CENT 

80 50 20 10 5 2 0 . 1 0 0 . 0 

oo 

X 
X 

xj>^ 

v O < ^ 
Cx 

X 

CO 

C J 

cn 
oo 

C D 

_ l 
L l _ to 

U3 

OJ 
o 

1.01 1 . 0 5 1.11 1 . 2 5 2 5 10 20 50 100 

RECURRENCE INTERVAL IN YEARS 

FIGURE 128.FLOOD FREQUENCY ANALYSIS - ANNUAL FLOOD SERIES 

1000 IOC 



D 2 F B 0 C 7 SYDENHAM R I V E R NEAR OWEN SOUND 

D R A I N A G E AREA 7C S Q . M I . 

P E R I O D OF RECORD 1 9 U 6 - 7 1 

NATURAL FLOW 

S E R I E S 

M E A N 

STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

1 0 5 2 . 1 9 4 8 4 . 5 2 .460 1.0 35 

LOG X 2 . 9 7 8 4 1 . 2 0 2 4 0 . G 6796 - . 2 5 1 9 7 

LOG ( X - A ) 2 . 9 9 3 6 9 . 1 9 2 8 1 .Q643C - . 1 8 8 1 4 

C A L C U L A T E D MEDIAN (X S E R I E S ) = 9 3 1 . 5 0 

PARAMETER A = - 4 1 . 0 5 

MEAN ( 3 L N T H E O R E T I C A L ) = 1 0 5 9 . 1 6 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 

T P GUMBEL PEARSON P E A R S ON NORMAL LOG NORI 

1.01 99 275 2 8 8 2 9 5 3 2 1 3 1 3 

1.05 95 4 3 3 4 1 8 4 2 8 4 4 2 4 3 9 

1.11 90 530 5 0 9 5 1 7 5 2 3 5 2 3 

1.25 80 6 6 2 6 4 1 6 4 7 6 4 2 6 4 4 

2.00 5 0 9 7 2 9 7 1 970 9 5 1 9 5 5 

2.3 3 4 2 . 9 2 1050 10 56 1 0 5 5 1 0 3 5 1 0 3 9 

5 . 0 0 2C 1 3 8 8 1 4 1 5 1 4 1 5 1 4 0 8 1 4 0 7 

1 0 . 0 0 IC 1 6 6 4 1 6 9 9 1 7 0 5 1 7 2 9 1 7 2 0 

2C.0C c 1 9 2 9 1 9 6 2 1 9 7 8 2 0 4 8 2 0 2 8 

5 0 . 0 0 2 2 2 7 1 2 2 9 1 2 3 2 4 2 4 7 8 2 4 4 0 

I O C . 0 0 1 2 5 2 8 2 5 3 1 2 5 7 9 2 8 1 3 2 7 5 8 

lOOC.OC .1 3 3 7 6 3 2 9 6 3 4 0 8 4 0 1 6 3 8 8 9 

lOOGC.OC .01 4 2 2 3 40 37 4 2 2 5 5 3 8 7 5 1 5 8 
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0 2 G E 0 0 2 THRMES R I V E R RT BYRON 
C U M U L R T I V E P R O B R B I L I T Y IN PER CENT 

" 0 9 9 9 5 90 80 50 20 10 5 2 1 0 . 1 0 0 . 0 1 

X 

•LJ-

/ / 
X 

/ 

1-01 1 . 0 5 1.11 1 . 2 5 2 5 10 20 50 100 1000 10000 

RECURRENCE I N T E R V A L IN YEARS 

F I G U R E 129.FLOOD FREQUENCY R N f l L Y S I S - ANNUAL FLOOD S E R I E S 



0 2 G E G 0 2 THAMES R I V E R AT 3 Y P 0 N 

D R A I N A G E AREA 1 2 0 0 S O . M I . 

P E R I O D OR RECORD 1 9 3 8 - 7 1 

REGULATED 

S E R I E S 
MEAN 

STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

LOG X 

LOG ( X - A ) 

1 9 7 6 6 . 4 7 

4 . 2 4 0 0 8 

5 . 0 3 5 9 3 

9 3 1 8 . 9 8 

. 2 3 7 7 7 

.0 368 9 

. 4 7 1 

. 0 560 8 

. 0 0 7 3 2 

. 3 2 3 

- . 6 5 8 3 2 

. 1 5 3 5 3 

C A L C U L A T E D MEDIAN ( X S E R I E S ) = 1 9 3 6 6 . 6 7 

PARAMETER A = - 8 9 2 4 0 . 8 9 

MEAN ( 3 LN T H E O R E T I C A L ) = 1 9 7 7 3 . 8 0 

FLOOD E S T I M A T E S CFS 

LOG LOG 

T p GUMBEL PEARSON PEARSON NORMAL 

1.01 99 3 1 7 8 3 0 9 3 7 5 4 4 8 6 4 

1.0 5 95 6 5 9 5 5 3 3 9 6 4 5 7 7 0 6 2 

1.11 , 90 868 8 8 1 9 1 8 3 9 3 3 6 1 5 

1,25 80 1 1 5 3 5 1 1 8 1 4 1 1 2 6 1 1 0 9 6 1 

2 . 0 0 50 1 8 2 3 1 1 9 2 6 6 1 8 4 4 4 1 7 3 8 1 

2 . 3 3 4 2 . 9 2 1 9 9 1 7 2 0 9 6 8 2 0 2 8 8 1 9 2 0 2 

5 . 0 0 20 2 7 2 4 1 2 7 4 2 7 2 7 7 6 9 2 7 5 6 0 

1 0 . 0 0 10 3 3 2 0 7 3 1 9 8 5 3 3 3 4 5 3 5 0 6 7 

2 0 . 0 0 3 8 9 2 9 3 5 9 0 1 3 8 2 0 6 4 2 7 7 8 

5 0 . 0 0 2 4 6 3 3 5 4 0 4 8 5 4 3 8 6 1 5 3 5 1 4 

1 0 0 . 0 0 1 5 1 8 8 6 4 3 6 3 6 4 7 6 7 0 6 2 1 0 7 

1 0 0 0 . 0 0 .1 7 0 2 2 5 5 2 9 3 8 5 8 2 1 7 9 4 3 6 4 

1 0 0 0 0 . 0 0 .01 8 8 5 3 3 6 1 1 1 9 6 6 3 2 0 1 3 3 2 3 0 

3 PARAMETER 

LOG NORMAL 

-88 

5 2 1 9 

8 1 7 7 

11 887 

1 9 3 8 4 

2 1 0 7 6 

2 7 4 3 6 

3 1 8 7 9 

3 5 6 7 2 

4 0 0 8 7 

4 3 1 1 0 

5 1 9 83 

5 9 7 4 5 
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02GD016 

l.Ol 

THRMES R I V E R RT I N G E R S O L L 
CUMULRTIVE PROBf lBIL ITY IN PER CENT 

0 . 0 1 

1 .05 1.11 1 . 2 5 50 100 2 5 10 20 

RECURRENCE INTERVflL IN YEflRS 

FIGURE 130.FLOOD FREQUENCY ANALYSIS - flNNUflL FLOOD SERIES 

1000 10000 



CZGDuie, THAMES R I V E R AT I N G E R S O L L 

D R A I N A G E AREA 20G S Q . M I , 

P E R I O D OE RECORD 1 9 5 7 - 7 1 

NATURAL FLOW 

S E R I E S 

MEAN 

STANOARO 

O E V I A T I O N 

C O E E F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

2 2 9 9 . 6 0 1 4 G C . 7 6 ,6Q9 . 8 8 9 

LOG X 3 . 2 8 4 4 4 . 2 7 4 4 2 . 0 8 3 5 5 - . 1 2 2 3 7 

LOG ( X - A ) 3 , 5 2 4 0 2 . 1 6 2 8 1 , 0 4 6 2 0 , 3 2 2 2 4 

C A L C U L A T E D MEDIAN (X S E R I E S ) = 2 0 C C , C 0 

PARAMETER A = - 1 2 7 4 , 5 6 

MEAN (3 LN T H E O R E T I C A L ) = 2 3 1 G . 7 3 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 

T P GUMBEL PEARSON PEARSON NORMAL LOG NORI 

1.31 9 9 155 - 5 1 4 1 8 4 4 2 1 2 2 

1.05 95 585 3 9 5 6 6 6 6 8 0 5 2 9 

1,11 9G 8 4 9 690 8 4 9 8 5 6 7 92 

1.25 80 1 2 0 8 1 1 0 6 1 1 3 5 1 1 3 0 1 1 6 2 

2 , 0 0 50 2 0 5 1 20 96 1 9 4 9 1 9 2 5 2 0 6 7 

2 , 3 3 4 2 , 9 2 2 2 6 4 2 3 4 7 2 1 8 6 2 1 5 9 2 3 0 3 

5 . 0 0 20 3 1 8 7 3 3 7 4 3 2 8 8 3 2 7 7 3 3 0 7 

1 0 . 0 0 IG 3 9 3 8 4 1 6 9 4 2 8 9 4 3 2 7 4 1 2 9 

2 0 . 0 0 5 4 6 5 9 4 8 9 5 5 3 2 2 5 4 4 3 4 9 1 7 

5 C , 0 C 2 5 5 9 2 5 7 9 3 6 7 6 0 7 0 4 8 5 9 4 3 

1 0 0 . 0 0 1 6 2 9 2 6440 7 9 0 7 8 3 7 0 6 7 1 8 

1 0 0 0 . 0 0 .1 8 6 0 3 8 4 7 6 1 2 1 6 1 1 3 5 6 4 9 3 6 9 

lOOOG.OO , 0 1 1 0 9 0 9 1 0 4 1 6 1 7 1 6 2 2 Q 1 9 6 1 2 2 0 4 
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0 2 G E 0 0 3 THflMES R I V E R RT T H R M E S V I L L E 
C U M U L A T I V E P R O B A B I L I T Y IN PER CENT 

0 99 95 90 80 50 20 10 5 2 1 0.10 

CO 

1.01 1 -05 l . U 1 . 2 5 2 5 10 20 50 100 1000 

RECURRENCE I N T E R V A L IN YEARS 

F I O U R E 131.FLOOD FREQUENCY A N A L Y S I S - ANNUAL FLOOD S E R I E S 

1 



C 2 G E C 0 3 THAMES R I V E R AT T H A M E S V I L L E 

D R A I N A G E AREA 1660 SQ. M I . 

P E R I O D OF FECORD 1 9 3 8 - 7 1 

REGULATED 

S E R I E S 

MEAN 

STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

1 3 0 0 9 . 7 1 8167."'0 . ( + 5 1 * . 3 7 7 

LOG X U . 2 D F 7 6 . 2 2 2 0 1 . 0 5 2 7 9 - . 5 8 0 2 9 

LOG ( X - A ) 4 . 4 L 1 3 2 . 1 2 5 7 1 . 0 2 8 3 0 - . 15501* 

C A L C U L A T E D MEDIAN (X S E R I E S ) = 1 6 8 0 C . G G 

PARAMETER A = - 1 0 7 7 3 . 3 8 

MEAN (3 L N T H E O R E T I C A L ) = 1 8 G 6 7 . G 6 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 
T P GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1.0 1 99 3 6 1 5 1 2 8 2 3 9 4 8 (*89Q 3 3 3 3 

1.05 95 6 5 7 5 55 04 6 4 2 6 6 9 2 7 6 4 0 6 

1.11 9G 8 3 8 9 7 9 2 7 8 1 5 2 9 3 3 9 3 3 1 0 
1.25 8G 1 0 8 5 6 1 1 0 3 1 1 0 6 6 8 1 0 4 4 3 1 0 9 0 2 

2.00 5G 1 6 6 5 7 17i+98 1 6 8 6 6 1 6 0 6 0 • 1 6 8 8 4 
2 . 3 3 4 2 . 9 2 1 8 1 1 8 1 8 9 8 9 1 8 4 4 9 1 7 6 2 6 1 8 3 8 0 
5.3G 2C 2 4 4 6 3 2 4 6 9 0 2 4 8 7 7 2 4 6 9 9 2 4 5 1 7 

1 0 . 0 0 IG 2 9 6 3 2 2 8 7 4 9 2 9 7 0 6 3 0 9 2 9 2 9 3 1 1 

2G.0C c 3 4 5 8 9 3 2 2 6 0 3 3 9 5 9 3 7 2 3 6 3 3 7 5 2 
5 0 . 0 0 2 .410C6 3 6 3 9 3 3 8 9 7 6 4 5 8 9 4 3 9 3 4 3 

lOO.OC 1 4 5 3 1 5 3 9 2 4 9 4 2 4 0 7 5 2 7 4 1 4 3 4 5 4 

lOOG.QC .1 6 1 7 0 4 4 7 7 3 9 5 2 1 9 0 7 7 9 4 1 5 6 8 7 5 
ICQOG.Ofl .01 7 7 5 6 5 5 5 2 7 6 6 0 0 9 0 1 0 7 5 5 5 7 0 4 0 8 
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02GD012 THAMES R I V E R AT WOODSTOCK 

"hsa 95 90 80 

C U M U L A T I V E P R O B f l B I L I T Y IN PER CENT 

50 20 10 5 2 0 . 1 0 0 . 0 

o> • 
OD ' 

r-

^^^^ 
< 

X 

^^yr^-

^ X X 

• 

CD ' 

CD 
CD 

(_) ^ ' 

CO 

3 

O eg 

_ l 
Li_ 

O 

CD 

1.01 1 . 0 5 1.11 1 . 2 5 2 . 5 10 20 50 • . 100^ 

RECURRENCE I N T E R V f l L IN Y E f l R S 

F I O U R E . 1 3 2 . F L O O D FREQUENCY flNflLYSIS - ANNUAL FLOOD S E R I E S 

1000 100( 



C2G0G12 THAMES R I V E R AT WOODSTOCK 

DR A I N A G E AREA 99 S Q . M I . 

P E R I O D OP RECORD 1 9 5 2 - 7 1 

NATURAL ELOW 

S E R I E S - , 

MEAN 
STANDARD C O E E F I C I E N T C O E F F I C I E N T 

D E V I A T I O N OF V A R I A T I O N OF SKEW 

1 4 8 7 . 4 0 9 5 6 , 9 8 . 6 4 3 1 , 3 7 9 

LOG X 3 . 0 9 3 5 3 . 2 6 9 8 5 . 0 9 5 9 1 . 1 2 4 4 0 

LOG ( X - A ) 3,170 21 , 2 2 8 8 3 , 0 7 2 1 8 , 2 8 3 3 7 

C A L C U L A T E D MEDIAN ( X S E R I E S ) = 1 1 5 0 , 0 0 

PARAMETER A = - 2 0 6 , 8 7 

MEAN ( 3 L N T H E O R E T I C A L ) = 1 4 9 3 , 2 9 

FLOOD E S T I M A T E S C^S 

LOG LOG 3 PARAMETER 
T p GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

l . G l 9 9 101 197 3 1 1 2 9 3 2 2 7 

1,05 9 5 3 7 7 355 4 5 8 4 4 8 4 1 5 
1.11 90 5 4 6 4 8 5 565 5 6 0 5 4 6 
1 , 2 5 80 7 7 6 6 9 3 7 3 4 7 3 6 7 4 2 

2 , 0 0 50 1 3 1 7 1 2 7 8 1 2 2 4 1 2 4 0 1 2 7 2 
2 , 3 3 4 2 , 9 2 1 4 5 4 1 4 4 2 1 3 7 0 1 3 8 8 1 4 2 1 

5 , 0 0 20 2 0 4 5 2 1 5 9 2 0 8 0 2 0 8 8 2 0 9 9 
1 0 , 0 0 IG 2 5 2 8 2 7 5 7 2 7 6 4 2 7 4 2 2 7 0 0 
2 C . 0 C 2 9 9 0 3 3 2 9 350 9 3 4 3 3 3 3 1 3 
5 0 . 0 0 2 3 5 8 8 4 0 6 7 4 6 0 8 4 4 2 3 4 1 6 0 

1 0 0 . 0 0 1 4 0 3 7 4 6 1 4 5 5 3 8 5 2 3 4 4 8 3 3 
1 0 0 0 . 0 0 .1 5 5 1 9 6 4 1 7 9 3 8 2 8 3 9 9 7 3 3 1 

1 0 0 0 0 , 0 0 ,01 6 9 9 8 8 2 2 2 1 4 6 6 5 1 2 4 0 6 1 0 2 9 9 
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02GD001 THflMES R I V E R NEAR E f l L I N G 
S C U M U L R T I V E P R O B A B I L I T Y IN PER CENT 

" 0 9 9 9 5 90 80 50 2 0 10 5 2 1 0 . 1 0 0 . 0 1 

cn 
a> 
t 

OJ 

10 

1.01 1 . 0 5 1.11 1 . 2 5 2 5 10 20 50 100 1000 10000 

RECURRENCE I N T E R V R L IN Y E A R S 

F I G U R E 133.FLOOD FREQUENCY A N A L Y S I S - ANNUAL FLOOD S E R I E S 



G2G0CU1 THAMES R I V F R NEAR E A L I N G 

ORATNAGF AREA 5 1 9 S Q . M I . R E G J L A T E O 

P E R I O D OF RECORD 1 9 1 6 - 7 1 

S E R I E S 

MEAN 
STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

; O E F F I C I E N T 

OF SKEW 

6 7 3 5 . 3 6 3 7 7 9 . 6 2 . 5 6 1 1 . 7 0 4 

LOG X 3 . 7 6 6 2 5 . 2 4 0 9 7 . 0 6 3 9 6 - . 4 0 1 6 4 

LOG ( X - A ) 3 .958m . 1 5 3 6 0 . 0 3 8 8 0 . 3 1 7 1 4 

C A L C U L A T E D MEDIAN (X S E R I E S ) = 5 9 3 1 . 6 7 

PARAMETER A = - 2 9 5 1 . 0 9 

MEAN (3 L N T H E O R E T I C A L ) = 6 7 2 1 . 9 7 

FLOOD E S T I M A T E S CES 

LOG LOG 3 PARAMETER 

GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1.01 9Q 1 C 8 4 2 3 7 6 1 3 6 5 1 6 0 6 1 0 4 0 

1.05 95 2 2 2 7 2 7 0 9 2210 2 3 4 3 2 1 2 7 

1.11 90 2 9 2 7 3G59 2 8 1 1 2 8 6 6 2 8 2 3 

1.25 80 3 3 7 9 3 6 9 6 3 7 1 2 3 6 5 8 3 7 9 5 

2 . Q 0 5G 6 1 1 8 5 7 4 6 6 0 5 7 5 8 3 7 6 1 3 5 

2 . 3 3 4 2 . 9 2 66 81 6 3 6 1 6 6 8 7 6 4 5 3 6 7 3 9 

5 . 0 0 20 9130 9 1 9 5 9 3 8 0 9 3 1 4 9 2 8 7 

1 0 . 0 0 10 1 1 1 2 5 1 1 6 7 6 1 1 5 5 6 1 1 8 8 9 1 1 3 4 8 

2G.0G 1 3 0 3 8 1 4 1 2 1 1 3 5 9 2 1 4 5 4 2 1 3307 

5 G . 0 0 2 1 5 5 1 5 1 7 3 4 8 1 6 1 5 1 1 8 2 4 7 1 5 8 3 7 

1 0 0 . 0 0 1 1 7 3 7 0 1 9 7 9 0 1 8 0 0 6 2 1 2 1 9 1 7 7 3 5 

1 0 0 0 . 0 0 .1 2 3 5 0 3 2 8 0 3 0 2 3 8 5 2 3 2 4 2 2 2 4 1 5 2 

1 0 0 0 0 . 0 0 .01 2 9 6 2 4 3 6 5 0 5 2 9 3 0 9 4 5 9 8 8 3 0 9 1 7 
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CM 

O 

1 .01 1 . 0 5 1.11 1 . 2 5 2 5 10 20 50 100 1000 

RECURRENCE I N T E R V f l L IN Y E f l R S 

F I G U R E 134.FLOOO FREQUENCY flNflLYSIS - flNNUflL FLOOD S E R I E S 

10000 



G2G0CC6 THAMES R I V E R NEAR I N G E R S O L L 

D R A I N A G E AREA 2 1 4 S Q . M I . 

P E R I O D OF RECORD 1 9 3 8 - 5 6 

NATURAL FLOW 

S E R I E S 

MEAN 
STANDARD 

O E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

LOG X 

LOG ( X - A ) 

2 9 6 4 . 8 9 

3 . 4 2 2 7 9 

3 . 9 1 2 4 6 

1 1 7 7 . 9 3 

. 2 4 7 9 1 

.G6403 

.39 7 

.C724G 

. 0 1 6 3 7 

- . 1 3 6 

- 2 . 1 1 9 9 5 

- . 5 7 9 2 3 

C A L C U L A T E D MEDIAN (X S E R I E S ) = 2 8 8 G.GC 

PARAMETER A = - 5 2 9 1 . 9 8 

MEAN ( 3 L N T H E O R E T I C A L ) = 2 9 7 1 . 5 8 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 
T p GUMBEL PEARSON PEARSON NORMAL LOG NORI 

1.0 1 9 9 616 107 326 7 0 2 5 C 9 
l . y 5 9 5 1 1 1 4 9 8 2 8 5 9 1 C 3 5 1 1 2 1 

1.11 9G 1 4 1 8 1 4 3 8 1 2 8 4 1 2 7 3 1 4 7 4 
1.25 80 1 8 3 3 1 9 8 1 1 9 0 3 1 6 3 7 1 9 2 8 
2 . 0 0 50 2 8 0 9 2 9 9 1 3 1 6 1 2 6 4 7 2 882 
2 . 3 3 4 2 . 9 2 3 0 5 4 3 2 0 4 3 4 0 3 2 9 3 6 3 1 0 4 
5.0C 20 4 1 2 1 3 9 6 3 4 0 8 8 4 2 8 0 3 9 6 2 

1 0 . 0 0 10 4 9 9 0 4 4 5 6 4 3 5 5 5 5 0 1 4 5 8 3 
2 0 . 0 0 5 5 8 2 4 4 8 5 6 4 4 7 3 6 7 6 7 5 1 2 6 
5 0 . 0 0 2 6 9 0 3 52 97 4 5 2 6 8 5 4 6 5 7 7 3 

1 0 0 . 0 0 1 7 7 1 1 5 5 8 7 4 5 3 4 9 9 8 1 6 2 2 6 
1 0 0 0 . 0 0 .1 1 0 3 8 3 6 3 7 9 4 5 5 9 1 5 4 3 5 7 5 99 

1 0 0 0 0 . 0 0 .01 1 3 0 5 0 7 0 1 0 4 7 4 6 2 2 1 1 3 8 8 5 4 
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0 2 H K C 0 2 TRENT R I V E R AT HEALEY F A L L S 

D R A I N A G E AREA 351C S Q . M I . 

P E R I O D OF RECORD 1 9 5 0 - 7 2 

REGULATED 

S E R I E S 
MEAN 

STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

1 G 5 3 8. 7 C 3 1 2 8 . 9 1 . 2 9 5 1 . 5 1 6 

LOG X 

LOG ( X - A ) 

4 . G 0 8 9 1 

k, 3 3 1 1 6 

. 1 1 7 6 9 

. 0 5 8 6 5 

. 0 2 9 3 6 

. 0 1 3 5 4 

. 5 0 1 6 9 

1 . 0 0 2 4 1 

C A L C U L A T E D MEDIAN (X S E f ? I E S ) = 1036G.GQ 

PARAMETER A = - 1 1 0 4 4 . 2 2 

MEAN (3 L N T H E O R E T I C A L ) = 1 0 5 3 8 . 6 7 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAHETER 

T F GUMBEL PEARSON P E A P S O N NORMAL LOG NORMAL 

1.01 99 5 8 1 9 6 6 3 5 6 0 0 6 5 4 3 4 4 6 1 4 

1.05 95 6 7 8 9 7 C 4 3 6 8 1 4 6 5 3 6 6 1 2 2 

1 . 11 90 7 3 8 2 7 4 0 8 7 3 4 2 7 2 1 1 6 9 8 5 

1.25 8C 819Q 8 0 2 3 8 0 9 4 3 1 2 4 8 0 8 9 

2.Q0 50 1 0 0 9 0 9 8 4 7 998C 1020 7 1 0 3 9 2 

2 . 3 3 4 2 . 9 2 1 0 5 6 8 1 0 3 7 1 1 0 4 8 5 1 0 7 2 3 1 0 9 2 6 

5.0 0 20 1 2 6 4 6 1 2 7 2 0 1 2 7 0 4 1 2 8 2 3 1 2 9 7 4 

IG.OC IG 1 4 3 3 8 1 4 7 1 9 1 4 6 0 6 1 4 4 4 7 1 4 4 4 4 

20.OC c 1 5 9 6 2 1 6 6 5 7 1 6 5 0 8 1 5 9 4 0 1 5 7 2 5 

5 0 . 0 0 2 1 8 0 6 3 1 9 1 7 9 1 9 1 0 3 1 7 8 0 9 1 7 2 4 5 

I O C . 0 0 1 1 9 6 3 7 2 1 0 6 8 2 1 1 5 3 1 9 1 7 1 1 9 3 0 3 

lOOC.OC .1 2 4840 2 7 3 5 2 2 8 7 8 2 2 3 5 9 1 2 1 4 9 2 

l o a o o . o o . G l 300 34 3 3 7 1 3 3 8 G 3 5 2 7 9 7 1 2 4 3 9 2 
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02GD009 TROUT C R E E K NEAR S T . M A R Y ' S 
S CUMULATIVE PROBABIL ITY IN PER CENT 

• 0 9 3 9 5 9 0 80 50 2 0 10 5 2 1 0 . 1 0 0 . 0 1 
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l . O l 1 . 0 5 l . l l 1 . 2 5 2 5 10 20 SO 100 1000 
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FIGURE 136 .FLOOD FREQUENCY ANALYSIS - ANNUAL FLOOD SERIES 
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C2GOG09 TROUT C R E F K NEAR S T . MARY'S 

O R A I N A G E AREA 54 S O . M I . 

P E R I O D OE RECORD 1 9 4 6 - 7 1 

R E GULATED 

S E R I E S 

MEAN 

STANDARD 

O E V I A T I O N 

C O E F E I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

LOG X 

LOG CX-A) 

1 1 3 5 . 9 2 

2 . 9 6 9 6 3 

3 . 2 7 1 5 « 

7 0 6 . 1 0 

. 2 8 9 5 6 

. 1 4 7 9 1 

, 6 2 2 

. 0 9 7 5 4 

, 0 4 5 2 1 

1 . 0 3 5 

- , 2 6 5 6 4 

, 2 6 3 2 2 

C A L C U L A T E D MEDIAN CX S E R I E S ) = 1 0 0 0 . 6 7 

P A RAMETER A = - 8 4 2 . 4 2 

MEAN C3 LN T H E O R E T I C A L ) = 1 1 3 8 . 0 0 

FLOOD E S T I M A T E S C^S 

LOG LOG 3 PARAMETER 

T p GUMBEL PEARSON PEARSON NORMAL LOG NOR 

1,01 99 26 22 1 7 3 1 9 7 3 

1.05 95 250 2 1 2 2 9 6 3 1 1 2 2 4 

1,11 90 3 8 7 3 4 4 390 3 9 6 3 6 5 

1.25 8G 574 5 3 7 5 3 7 5 3 1 5 6 0 

2 . 0 0 50 1 0 1 3 1 0 1 7 960 9 3 2 1 0 2 6 

2 . 3 3 4 2 . 9 2 1 1 2 4 1 1 4 2 1 0 8 2 1 0 5 2 1 1 4 5 

5 . 0 0 20 1 6 0 4 1 6 6 5 1 6 4 5 1 6 3 5 1 6 4 7 

1 0 , 0 0 10 1 9 9 6 2 0 7 8 2 1 4 6 2 1 9 2 2 0 4 9 

2 0 , 0 0 2 3 7 1 2 4 6 2 2 6 5 0 2 7 9 3 2 4 3 0 

5 0 . 0 0 2 2 8 5 7 2 9 4 2 3 3 3 2 3 6 6 9 2 9 1 9 

10 0 , 0 0 1 3 2 2 1 3 2 9 1 3 8 6 0 4 3 9 9 3 2 8 4 

1 0 0 0 . O C .1 4 4 2 5 4 4 0 6 5 7 1 9 7 3 2 3 4 5 1 0 

l O O O C O C .01 5 6 2 6 5 4 8 5 7 7 3 3 1 1 1 4 7 5 7 9 2 
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GZHAGOe TWENTY M I L E CREFK AT B A L L S F A L L S 

ORATNAGE AREA 1 1 3 SQ . M I . 

P E R I O D 0"^ PECOPD 1 9 E 7 - 7 1 

NATURAL FLOW 

S E R I E S 
MEAN 

STANDARD 

DE\/IATTON 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

2 3 6 6 . 3 3 1 0 6 2 . 9 1 ,kt*9 . EC6 

LOG X 3 . 3 2 8 6 B . 2 1 4 0 7 . 0 6 4 3 1 - . 4 8 9 8 8 

LOG ( X - A ) 4 . 3 7 7 8 4 . 0 1 9 1 7 . 0 0 4 3 8 . 4 0 1 7 8 

C A L C U L A T E D MEDIAN {X S E R I E S ) = 2 4 1 3 . 3 3 

A D J U S T E D MFoiAN= 2 3 4 2 . 6 7 

PARAMETER A = - 2 1 5 2 4 , 6 1 

MEAN ( 3 LN T H E O R E T I C A L ) = 2 3 6 7 . 2 4 

FLOOD E S T I M A T E S CPS 

LOG LOG 3 PARAMETER 

T P GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1.0 1 99 542 2 8 9 5 6 8 6 7 7 15 

l . Q f 95 9 1 7 7 8 3 890 9 4 7 6 7 2 

1.11 9G 1 1 4 7 1 0 7 5 1 1 1 0 1 1 3 3 1 0 3 1 

1.25 8G 1460 1 4 5 6 1 4 3 0 l(+37 1 4 7 3 

2.00 5C 2 1 9 5 2 2 7 7 2 2 1 8 2 1 3 1 2 3 4 4 

2 . 3 3 4 2 . 9 2 2 380 2 4 7 1 2 4 2 0 2 3 3 1 2 5 3 7 

5.QC 2C 3 1 8 4 3 2 2 4 3 2 4 9 3 2 2 7 3 2 4 8 

1 0 . 0 0 IG 3 83 8 3 7 7 2 3 8 8 4 4 0 0 9 3 7 3 4 

2G.0C 5 4 4 6 6 4 2 5 2 4 4 5 2 4 7 9 5 4 1 4 2 

5 0 . 0 0 2 5 2 7 9 4 8 2 6 5 1 3 7 5 8 6 6 4 6 0 9 

lOG.OC 1 5 8 8 9 5 2 2 7 5 6 1 5 670 8 4 9 2 5 

1 0 0 0 . 0 0 .1 7 9 0 2 6 4 3 8 7 0 3 0 9 7 7 5 5 8 3 2 

10 0 C C . 0 0 .01 9 9 1 1 7 5 3 5 8 2 4 1 1 3 3 3 5 6 6 0 3 
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02HR007 NELLflND R I V E R PIT M E R R I T T S CHURCH 
C U M U L A T I V E P R O B A B I L I T Y IN PER CENT 
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G2HAC07 WELLAND R I V E R AT M E R R I T T S CHURCH 

D R A I N A G E AREA 87 S Q . M I . 

P E R I O D OF RECORD 1 9 E 8 - 7 1 

NATURAL FLOW 

S E R I E S 

MEAN 

STANDARD 

D E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

1 6 7 5 . 3 6 7 2 0 . 7 2 .430 1. 140 

LOG X 3 . 1 8 8 9 6 .1813G . 0 5 6 8 5 . 0 4 3 1 3 

LOG (X-A> 3 . 6 0 0 3 5 . 0 7 3 4 2 . 0 2 0 3 9 . 6 9 1 9 8 

C A L C U L A T E D MEDIAN CX S E R I E S » = 161C.GG 

PARAMETER A = - 2 3 6 3 . 8 8 

MEAN C3 L N T H E O R E T I C A L ) = 1 6 7 7 . 6 2 

FLOOD E S T I M A T E S CFS 

LOG LOG 3 PARAMETER 

T p GUMBEL PEARSON PEARSON NOPMAL LOG NOR! 

1.01 99 5 6 1 590 592 5 8 5 3 2 5 

1.05 95 787 760 7 8 1 7 7 7 6 5 3 

1.11 90 9 2 5 883 9 0 6 9 0 4 8 4 4 

1.25 80 1 1 1 4 10 67 1 0 8 6 1 C 8 7 1 0 9 1 

2 . 0 0 50 1 5 5 6 1 5 4 3 1 5 4 0 1 5 4 5 1 6 2 0 

2 . 3 3 4 2 . 9 2 1 6 6 7 1 6 6 9 1 6 6 2 1 6 6 7 1 7 4 4 

5 . 0 0 20 2 1 5 1 2 2 0 5 2 1 9 3 2 1 9 5 2 2 2 9 

1 0 . 0 0 10 2 5 4 6 2 6 3 6 2 6 4 3 2 6 3 8 2 5 8 4 

2 0 . 0 0 c 2 9 2 4 3 0 4 0 3G86 3 0 7 0 2 8 9 7 

5 0 . 0 0 2 3 4 1 3 3 5 5 0 3 6 7 7 3 6 4 2 32 74 

1 0 0 . 0 0 1 3 7 8 0 3 9 2 4 4 1 3 4 t*G80 3 5 3 9 

lOOG.OO .1 4 9 9 2 5 1 2 8 5 7 5 9 5 6 1 2 4 3 5 3 

1 0 0 0 0 . O C . 0 1 6 2 0 2 6 3 0 7 7 5 8 9 7 3 0 1 5 1 0 8 
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02HC008 WEST HUMBER R I V E R NEflR T H I S T L E T O W N 
C U M U L A T I V E P R O B f l B I L I T Y IN PER CENT 
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0 2 H C 0 0 8 WEST HUMBER R I V E R NEAR THISTLETOWN 

ORAINAGE AREA 79 S O . M I . 

P E R I O D OP RECORO 1 9 5 6 - 6 5 

REGULATED 

S E R I E S 

MEAN 

STANOARO 
O E V I A T I O N 

C O E E F I C I E N T 

OP V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

LOG X 

LOG f X - A ) 

9 8 7 . 1 0 

2 . 8 8 4 6 3 

3 . 2 1 3 7 ? 

7 1 7 . 4 2 

. 7 3 5 7 0 

. 1 6 3 2 1 

. 7 2 7 

. 1 1 6 3 8 

. 0 5 2 3 4 

. 9 2 1 

- . 0 9 6 0 7 

. 4 6 7 8 0 

C A L C U L A T E D MEDIAN ( X S E P I E S ) = 8 2 5 . 5 0 

PARAMETER A = - 7 6 6 . 9 9 

MEAN ( 3 LN T H E O R E T I C A U = 9 9 6 . 1 9 

FLOOO E S T I M A T E S CPS 

LOG LOG 3 PARAMETER 

T P GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

l . G l 99 -71 -2Q0 120 1 2 6 - 1 0 2 

1.0 5 95 1 3 9 20 210 2 1 4 98 

1.11 90 268 1 6 7 282 2 8 4 2 2 3 

1.25 80 4 4 4 3 76 4 0 1 3 9 9 4 1 3 

2.0G 50 858 879 7 7 6 7 6 6 8 6 8 

2 . 3 3 4 2 . 9 2 962 1007 8 9 3 8 8 2 9 8 8 

5 . 0 0 2u 1 4 1 5 1 5 3 5 1 4 7 4 1 4 6 9 1 4 9 9 

1 0 . 0 0 10 1 7 8 4 1 9 4 5 2 0 4 8 2 0 6 5 1 9 2 0 

20.GC c 2 1 3 7 2320 2 6 7 6 2 7 3 4 2 3 2 6 

5C.0G 2 2 5 9 5 2 7 8 6 3 6 0 3 3 7 5 1 2 8 5 7 

100.OO 1 2 9 3 8 3 1 2 3 4 3 8 2 4 6 2 8 3 2 6 0 

1 000.OC .1 4 0 7 2 4 1 8 6 7 5 2 1 8 3 5 5 4 6 4 6 

lOOOG.OO .01 5 2 0 3 52G2 1 1 6 2 2 1 3 5 9 7 6 1 4 2 
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02GD013 WYE CREEK NEAR THORNDALE 

O 99 95 90 80 

C U M U L f i T I V E P R O B A B I L I T Y IN PER CENT 
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0 2 G O G 1 3 WYE C R E E K N E A R T H O R N D A L E 

D R A I N A G E A R E A 15 S Q . M I , N A T U R A L F L O W 

P E R I O D OF R E C O R D 1 9 5 4 - 7 1 

S E R I E S 
MEAN 

S T A N D A R D 
D E V I A T I O N 

COE E F I C I E N T 
OF V A R I A T I O N 

C O E F F I C I E N T 
OF SKEW 

L O G X 

4 3 3 . 0 6 

2 . 5 1 8 9 3 

2 9 2 . 8 9 

. 3 5 5 7 3 

. 6 7 6 

. 1 4 1 2 2 

. 5 9 7 

- . 4 8 1 1 3 

L O G ( X - A ) 3 . 3 2 5 1 6 . 0 5 8 3 2 . 0 1 7 5 4 . 3 9 3 9 7 

C A L C U L A T E D M E D I A N ( X S E R I E S ) = 4 1 2 . 7 5 

P A R A M E T E R A = - 1 6 9 9 . 5 3 

M E A N ( 3 L N T H E O R E T I C A L ) = 4 3 3 . 8 3 

F L O O D E S T I M A T E S C F S 

T P G U M B E L P E A R S O N 

1.0 1 99 - 4 1 * - 1 1 9 

1.05 95 51 5 

1.11 90 1 1 1 81 

1.25 80 1 9 1 1 8 2 

2 . 0 0 50 381 4 0 4 

2 . 3 3 4 2 . 9 2 4 2 9 4 5 7 

5 . 0 0 20 637 6 6 6 
1 0 . 0 0 10 805 821 

2 0 . 0 0 c 9 6 8 9 5 8 

5 0 . 0 0 2 1 1 7 8 1 1 2 4 

lOD.OC 1 1 3 3 5 12 40 

1 0 0 0 . 0 0 .1 1 8 5 5 1 5 9 5 

1 0 0 0 0 . 0 0 . 0 1 2 3 7 4 1 9 2 1 

L O G L O G 3 P A R A M E T E R 
P E A R S O N N O R M A L L O G N O R M A L 

36 4 9 - 1 5 2 

77 8 5 -4 

1 1 1 1 1 5 80 

170 1 6 5 1 8 8 

352 3 3 0 4 1 4 

407 3 8 3 4 6 7 

6 6 5 6 5 8 6 6 7 

896 9 4 4 8 1 1 

1 1 2 6 1 2 7 0 9 3 7 

1 4 3 0 1 7 7 6 1 0 8 6 

1 6 6 0 2 2 2 0 1 1 8 9 

2 4 2 2 !»150 1 5 0 2 

3 1 6 7 6 9 5 4 1 7 8 4 

277 



02KD002 YORK R I V E R NEflR BflNCROFT 

O 99 95 90 

C U M U L A T I V E P R O B A B I L I T Y IN PER CENT 
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F I O U R E 141.FLOOO FREQUENCY flNflLYSIS - ANNUAL FLOOD S E R I E S 
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C2KOG02 YORK R I V E R NEAR BANCROFT 

O R A I N A G E AREA 32 3 S Q . M I . 

P E R I O D OF RECORD 1 9 1 6 - 7 1 

R E G J L A T E O 

S E R I E S 
MEAN 

STANDARD 

O E V I A T I O N 

C O E F F I C I E N T 

OF V A R I A T I O N 

C O E F F I C I E N T 

OF SKEW 

1 9 8 9 . 7 3 7 4 0 . 7 6 . 3 7 2 . 55k 

LOG X 3 . 2 6 7 7 3 . 1 7 0 8 0 . 0 5 2 2 7 - . 5 0 9 1 9 

LOG ( X - A ) 3 . 2 6 5 7 8 . 1 7 1 6 5 . 0 5 2 5 6 - . 5 1 7 1 6 

C A L C U L A T E D MEDIAN (X S E R I E S ) = 1 8 4 0 . 0 0 

PARAMETER A = 7 . 6 2 

MEAN ( 3 L N T H E O R E T I C A L ) = 2 0 0 1 . 5 1 

FLOOD E S T I M A T E S C^S 

LOG LOG 3 PARAMETER 

T P GUMBEL PEARSON PEARSON NORMAL LOG NORMAL 

1.01 99 6 9 6 568 641 7 4 2 7 4 3 

1.05 95 962 698 9 2 1 9 6 9 9 7 0 

1.11 90 1 1 2 5 1 0 9 5 1 1 0 0 1 1 1 8 1 1 1 8 

1.25 80 1 3 4 3 1 3 5 5 1 3 4 8 1 3 3 0 1 3 2 9 

2 . 0 0 5C 1870 1 9 2 1 1 9 1 4 1 8 5 2 1 8 5 1 

2 . 3 3 4 2 . 9 2 2 0 0 1 2 C 5 6 2 0 5 2 1 9 8 9 1 9 8 9 

5 . 0 0 20 2 5 7 3 2 5 8 4 2 5 9 3 2 5 7 9 2 5 7 9 

1 0 . 0 0 10 3 0 3 8 2 9 7 1 2 9 8 6 3 0 6 6 30 68 

20.OC tr 3 4 8 5 3 3 1 2 3 3 2 6 35 3 7 3 540 

5 0 . 0 0 2 4 0 6 2 3 7 2 1 3 7 2 1 4 1 5 4 4 1 6 0 

10 G.0 G 1 4 4 9 5 4 0 0 8 3 9 9 0 4 6 2 3 4 6 3 1 

lOOC.OO .1 5 9 2 6 48 81 4 7 5 3 6 2 4 4 6 2 6 2 

lOOOG.OO .01 7 3 5 4 5 6 7 7 5 3 7 4 3 0 0 0 8 0 3 3 
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CHAPTER 3 

Regional Flood Frequency Analysis 

The results of single-station flood frequency analyses 
are limited, in application, to drainage areas at or near the 
site of the gauging station. More often flood estimates are 
required at ungauged sites. For this reason, flood 
frequency relations were regionalized for southern 
Ontario rivers. In addition, a regional flood frequency 
study provides useful comparative data where other 
methods of estimating design flood are employed. 

The United States Geological Survey uses the index-
flood method for regional analysis. Dalrymple (1960) has 
detailed the procedure. There are two major elements to 
this method. First, regions homogeneous with respect to 
flood frequency characteristics are established with the 
use of a "homogeneity test" developed by Langbein. For 
each region, a basic dimensionless frequency curve is 
developed that relates the ratio of a flood of any frequency 
to an index-flood. For this method, the index-flood is the 
mean annual flood obtained from the 2.33-year recur
rence interval point from a graph plotted on extremal 
probability paper. 

The second element is the development of a relation
ship between hydrologic characteristics of drainage 
basins and the mean annual flood to allow estimates of 
the mean annual flood to be derived at any point within 
the region. Combining the mean annual flood with the 
regional frequency curve provides a frequency curve for 
any ungauged location. 

Benson (1962a) has noted three deficiencies in the 
index-flood method. Some of these comments are also 
applicable to the variations of the index-flood procedure. 
Firstly, error in the estimation of the index-flood may be 
introduced from short records. Consequently, the ratios of 
floods of different return periods to the index-flood may 
vary widely between stations. Secondly, the "homoge
neity test" requires the ratio of the 10-year flood to mean 
annual flood and is used to determine whether variations 
in slope are greater than may be attributed to chance 
alone. The test cannot practically be applied at a level 
greater than that of the 10-year flood because individual 
records may be too short to define the frequency curve 
adequately at higher levels. Homogeneity may be 
established at the 10-year level, but systematic differ
ences are usually noted at larger return periods. Finally, 

dimensionless frequency curves representing drainage 
areas of various sizes are combined to give the regional 
frequency curve. This is a generalized curve and omits the 
effect of drainage area. However, it is generally recog
nized that larger basins tend to give flatter frequency 
curves than smaller basins. 

Regional flood frequency analyses have been per
formed in Canada for the Prairies by Durrant and 
Blackwell (1 959) and for the South Saskatchewan River 
basin by Collier (1963). Regionalization using a mathe
matical fitting of the extreme value distribution, but 
otherwise procedurally similar to the index-flood method, 
has been applied to New Brunswick - Gaspe (Collier and 
Nix, 1967) and Nova Scotia (Coulson, 1967a). For the 
New Brunswick - Gaspe and Nova Scotia areas, multiple 
regression relationships were determined for estimation 
of the mean annual flood. The United States Geological 
Survey has provided index-flood analyses for the conter
minous United States in their Water Supply Papers 1671 
to 1 689 (various authors, 1 964-68). 

Another general class of methods involves the use of 
multiple regression relationships between floods at 
various return periods and hydrologic characteristics of 
the basin. Alternatively, the parameters of a particular 
probability distribution, for example the mean and 
standard deviation of the log series for the log-normal 
distribution, may be correlated with basin characteristics. 
These studies require a large amount of data that is time 
consuming to measure and collect. Regional relations 
have been developed for the mean annual flow, mean 
annual flood (2.33-year return period), the 50-year 
flood and the 100-year flood by Thakur and 
Lindeyer (1973) for the Mackenzie River tributaries. In 
the United States, multiple regression relationships for 
floods up to the 300-year return period were developed 
by Benson (1962b) for the New England States. Other 
regional studies have been performed for the southwest
ern United States (Benson 1964) and Missouri 
(Sandhaus and Skelton 1968). Thomas and Benson 
(1970) have carried out a study of a number of 
physiographic and meteorologie parameters influencing 
streamflow characteristics in four hydrologically differing 
regions of the United States. Cruff and Rantz (1965) 
have provided a comparison of a number of methods of 
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regional flood frequency analysis for two coastal basins in 
California. 

The validity of the regional flood frequency approach 
is based on the assumption that an average of a small 
sample of short-term stations in a homogeneous region 
will define the general flood frequency characteristics of 
that region. Of course, no two basins are identical in 
physiography, slope, soils, vegetative cover, elevation, 
etc. Hence, the regional curves will only be an approx
imation when applied to a particular basin and will require 
the use of judgment in application. 

M E T H O D OF ANALYSIS 

The method for the regionalization of flood frequency 
relations for southern Ontario consisted of three main 
components. Firstly, regions with similar flood-producing 
characteristics were delineated. Secondly, relationships 
were derived to estimate the mean annual flood at an 
ungauged location. The final component was the devel
opment of a regional frequency curve as a dimensionless 
ratio of flood estimates to the mean annual flood for 
various return periods. 

The overall method used in this regional study is 
somewhat similar to the index-flood technique used by 
the U.S. Geological Survey. However, as the bounds of 
the "homogeneity test" are wide, and homogeneity can 
often be indicated for a large area with varying hydrologic 
characteristics (Benson, 1 962a), this test was not applied 
in the present study. Instead the regions were delineated 
with judgment based on general physiographic and 
climatic characteristics. 

The complex hydrologic characteristics of drainage 
basins in southern Ontario necessitated the delineation of 
nine regions. These nine regions suggest somewhat 
uniform flood characteristics. The dimensionless fre
quency curves have been plotted for the three-parameter 
log-normal distribution. Dimensionless frequency curves 
may be determined for the other distributions from the 
tabulated results given in the previous chapter. 

The magnitude of the mean annual flood may be 
affected by many factors which can be classed as either 
physiographic or meteorologie. Physiographic factors 
include drainage area, various channel and land slope 
factors, artificial or natural storage, basin shape, stream 
density and pattern, soils, land use, etc. Although a 
number of meteorologie variables affect the runoff 
characteristics of a basin, the most important from a 
hydrologic point of view are precipitation and tempera
ture. A comprehensive discussion of variables influencing 
streamflow characteristics is given by Dalrymple (1 960), 

Benson (1962a, 1962b) and Thomas and Benson 
(1970). 

The estimation of the mean annual flood for ungauged 
areas was studied by two methods. First, for each region, 
the mean annual flood (MAF) obtained as the arithmetic 
mean of the flood series was plotted against drainage 
area, and a straight line was drawn by eye through the 
points. For the second method, the ratio of the MAF to the 
mean annual runoff (MAR) was plotted against drainage 
area, and a straight line was drawn by eye. The proof that 
a relationship must exist between the MAF and MAR is 
presented below (Sangal, unpublished). The annual flood 
is related to the annual runoff by 

F l = ai Ri 
F 2 = 0:2 R2 

• '• '• (15) 
Fi = fti Ri 

where n is the number of years of record, F| is the annual 
flood for the year i, R, is the annual runoff for the year i, a, 
is a proportionality constant for the year i, and a,> ^. 

Also, 

Ri = /3i MAR 

R 2 = |32 MAR 

(16) 
Ri = ft MAR 

Rn = MAR 

where /3| is a proportionality constant for the year i, and 
2/3j = n. Therefore, substituting for R; into Equation 1 5, 
we obtain 

Fl = a,(3i MAR 

F2 = a2i32 MAR 

Fi = Qift MAR 

Fn = an/?n MAR 
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Thus the MAF is given by 

MAF = SFj / n 

= (l/n)2aiftMAR (18) 

= 7 MAR 

where y is a constant given by 

7 = (1/n) XaiPi • (19) 

The constant y is dependent upon physiographic and 
meteorologie characteristics of the area. In general, y will 
decrease with the increase in the size of the drainage 
basin. 

For application of the ratio MAF/MAR, estimates of 
mean annual runoff at the ungauged site are required. 
These estimates are available for southern Ontario 
(Sangal, unpublished). A plot of the isopleths is shown on 
Figure 142. In addition, a larger map (Fig. 171) may be 
found in the pocket on the inside rear cover. 

FLOOD FREQUENCY REGIONS 

The selection of regions with similar hydrologic 
characteristics was based primarily on physiographic 
characteristics and the nature of the surficial soils. Some 
consideration was also given to climatic conditions and 
land use. Regional boundaries were delineated to include 
whole drainage basins. There were a few exceptions, 
which are noted below in the brief descriptions of each 
region. The analysis of data on mean annual flood played 
an important role in the final selection of boundaries for 
various regions. 

Nine flood frequency regions were delineated. The 
complex physiography and lack of adequate streamflow 
records in some areas of southern Ontario made this 
delineation extremely difficult. Hence, there is a strong 
element of judgment in the selection of regional bounda
ries as shown on Figure 143. 

A brief description of each of the selected regions 
follows. Physiographic and soils information for the 
purposes of regionalization was based mainly on the work 
of Chapman and Putnam (1966) and the Ontario Soil 
Survey (Hoffman et al., 1964). Data on river gradients 
and general watershed characteristics were obtained 
from the appropriate Conservation Authority reports 
published by the Conservation Authorities Branch, 

Ministry of Natural Resources, Government of Ontario. 
Climatic data were taken mainly from Brown et al., 
(1968). 

Region 1 — Canadian Shield 

Region 1 is the area of the Canadian Shield from the 
contact line with the glacially deposited sands and 
gravels, essentially along the Trent and Severn rivers, 
north to the northern boundary of the study area and east 
to the watershed boundary of the Rideau River. This is a 
region of glacially scoured Precambrian rocks, rugged 
relief and forested lands. The soils are generally coarse 
textured and formed on coarse stony till, sand and gravel. 
Generally, the bedrock is located at a depth of 1 ft or less. 
Deeper soil has been mapped in the southeast sector of 
this region and classified into the Osprey, Tweed and 
Monteagle groups of loams and sandy loams. 

Numerous lakes were gouged by the glaciers, result
ing in a relatively large amount of storage along the major 
river systems. The limestone plains in eastern Ontario 
near Napanee and Smiths Falls are included in this 
region. Most of the streams traversing the limestone 
plains rise on the Canadian Shield. However, the smaller 
streams originating on the limestone plains may not be 
typical of this region. A similar note should be made for 
the Prince Edward Peninsula. Most of the peninsula is a 
limestone plateau with shallow soils. Not enough stream-
flow data are available to develop regional frequency 
relationships for this area. 

The range of mean annual precipitation is the largest 
for any of the regions. A maximum of more than 40 in. 
(1016 mm) falls in the lee of Georgian Bay. Mean annual 
snowfall is greater than 112 in. (285 cm) in the same 
area. Annual snowfall on a large portion of the Shield is 
about 80 in. (203 cm). Annual precipitation near 
Pembroke is about 26 in. (660 mm), increasing to about 
34 in. (864 mm) towards the southern sections of the 
region. The lowest temperatures in southern Ontario are 
recorded in the Algonquin Park Uplands. Mean annual 
temperatures vary from approximately 39°F (3.9°C) in 
Algonquin Park to more than 44°F (6.7°C) near Lake 
Ontario. 

Region 2 — St. Lawrence Lowlands 

Region 2 comprises the farmlands of the St. Lawrence 
Lowlands. The processes of glaciation and deglaciation by 
the Wisconsin ice sheet have created the present complex 
composition of surface deposits. Till and sand plains, 
drumlin fields, till and sand and gravel ridges were 
deposited by glaciers. During the ice recession, an arm of 
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Figure 142. Mean annual lunoff for southern Ontario. 



Figure 143. Flood frequency regions. 



the sea extended up the lower Ottawa Valley and large 
areas of lacustrine deposits of silts and clays were laid. 
Clay flats were also formed in the hollows between 
intervening ridges. In Carleton, Prescott and Russell 
counties, there are a group of sand plains that were 
deltaic deposits of the Ottawa River and its north bank 
tributaries. There is generally a lack of relief throughout 
this region. Consequently drainage is poor, and swamps 
and bogs are common. The poor drainage is reflected in 
the major soil groups mapped in the region. For the 
coarse- and medium-textured soils, the Rubicon and 
Granby groups of sandy loams are the most important. 
On well drained stony tills, the most important group is 
the Grenville loam. The Brookston and Elderslie clay 
loams are found on till and lacustrine sediments and are 
fine-textured soils with imperfect drainage. The fine
grained clays of the lower Ottawa Valley are mainly 
classed as the Lincoln family of clays. Drainage is again 
poor for this group. 

Because of the extent of fine-grained soils and lack of 
relief, the rivers are characteristically muddy and slug
gish. Average slope for the South Nation and Raisin rivers 
is approximately 3 ft per mile. For tributaries and small 
streams, the slopes range from 3 to 10 ft per mile. 

The region is mainly bounded by the 42°F (5.6°C) and 
44°F (6.7°C) isotherms of mean annual temperature. 
Average annual snowfall increases from about 80 to 
96 in. (203 to 244 cm) from west to east and average 
precipitation from 32 to 36 in. (81 3 to 914 mm). 

The rivers of this region have cut only shallow valleys 
because of low gradients. With the high snowfalls and 
cold winter temperatures, annual spring flooding is a 
recurring problem in the St. Lawrence Lowlands. 

Region 3 — Saugeen-Nottawasaga System 

This region extends from the Saugeen River east to 
the Nottawasaga River and includes the smaller streams 
flowing north to Georgian Bay. The streams drain part of 
the Dundalk till plain and the border of the Niagara 
Cuesta, some of the highest land in southwestern 
Ontario. Region 3 is a complex of till ridges, kame 
moraines, outwash plains, smoothly moulded till plains 
and drumlinized areas. Inter-drumlin areas and the 
hollows on till plains are characterized by swamps or 
bogs. The soils of the region are mainly formed from 
medium- to coarse-textured materials. Consequently, 
permeability is high in the region. Soils with good 
drainage having medium and coarse texture have been 
mapped into the Guelph, Fox, Dumfries and Osprey 
families of loams and sandy loams. The London group 

loam occurs in instances of imperfect drainage. Fox, 
Guelph and Tioga families have formed on the coarse 
sands and gravels. 

The average gradients of the streams draining the 
escarpment are fairly large. For some of the main rivers, 
the average gradients in feet per mile are: Beaver River, 
26.9; Bighead River, 19.9; Nottawasaga River, 13.4; 
Pine River, 32.0; and Mad River, 25.3. Slopes are much 
greater as the rivers descend the escarpment, often being 
in the order of 100 ft per mile or more. The average 
slopes for the Saugeen River System are also high, the 
average for the main river being 17.9 ft per mile. 
Headwater streams have gradients in the range of 10 to 
35 ft per mile. The Saugeen basin is somewhat charac
teristic of the region's river basins. In the headwaters, 
there is much rough stony land with a great local relief 
among the kames and drumlins. Thirty to 35 per cent of 
the farmlands are in woods and swamp. Because of the 
high proportion of pervious soils, strong base flows are 
maintained during summer, and the Saugeen flows clear 
even after strong summer storms. Incidentally, Ontario's 
finest trout streams are in this region. 

Being in the lee of Lake Huron, the Dundalk uplands 
experience a high average annual precipitation. It 
increases from around 32 in. (813 mm) near the 
lakeshore to more than 40 in. (1016 mm) in the highest 
part of the upland. Average annual snowfall is about 1 1 2 
in. (285 cm). The decrease in mean annual temperature 
is from approximately 44°F (6.7°C) along the coast of the 
lake to less than 42°F (5.6°C) on the Dundalk Upland. 

The depth of overburden on the Bruce Peninsula is not 
great. It is essentially a limestone plain with a few 
scattered sand and gravel deposits. Regional flood 
frequency relationships developed for Region 3 may not 
be applicable to the Peninsula. However, not enough data 
were available to develop separate relationships. Simi
larly, the regional relationships may not be applicable to 
the eastern tributaries of the Nottawasaga River in the 
vicinity of the Lake Simcoe Lowlands. The slopes are 
much flatter in the lowlands and are not typical of most 
rivers of this region. 

Region 4 — IVIaitland-Thames-Grand System 

The Maitland, Thames and Grand River basins are 
grouped to form Region 4. Although somewhat similar to 
Region 3, this region contains less woodland, swamp and 
rough stony land. There are larger areas of till and clay 
plain and cleared farmland. The Bayfield River basin is 
similar to that of the Maitland and has therefore been 
included in this region. 
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The Maitland and Grand rivers rise on the Dundalk 
Till Plain, the "roof" of southwestern Ontario. The 
Stratford Till Plain, basically silty clay with a faint knoll 
and sag relief, is also drained by the rivers of this region, 
though drainage is mainly by way of the Thames system. 

The difficulties of regionalization presented by the 
variability of the surficial soils and physiography in 
southern Ontario are well exemplified within the basins of 
the rivers of this region. This variability is apparent even 
within a single river basin. In the Grand basin, the upper 
western tributaries such as the Nith and the Conestoga 
rise on a cleared clay plain. Because of the clay soil, the 
permeability is low and runoff rapid. Consequently, rivers 
such as the Conestoga yield high floods and low summer 
flows. The Speed and Eramosa rivers are eastern 
tributaries and have less variable flow. They drain the 
main part of the Guelph drumlin field and the Paris 
moraine above Guelph. Within the area, soil materials are 
the stony tills of the drumlins, the deep gravel terraces of 
the old spillways and the coarse gravels of the moraine. 
Guelph and Dumfries families of loams are the most 
important soils mapped for the area. Coarse-textured 
soils formed on till and sand and gravel are also prevalent 
in the mid-reaches of the Grand River basin. The Guelph 
and Dumfries families are widely mapped along with the 
Fox sandy loams. The area of fine sandy loam east of 
Brantford is identified as the Honeywood group. The till 
plains covering the Conestoga, Nith and Upper Thames 
River basins are poorly drained clay loams of the Perth 
and Brookston families and the well drained Huron clay 
loam. Silty deposits in northern Oxford and western 
Middlesex counties have been designated as silty alluvial 
deposits over a loam till. This area contains predomi
nantly Honeywood and Tuscola silt loam. 

Generally, the river gradients in this region are 
moderate. The overall slope of the Maitland River is 7.7 ft 
per mile, averaging 10 ft per mile for the main headwater 
tributaries. The Maitland is unusual because slopes are 
high on the headwaters, low in the mid-reaches, then 
increase in the lower section. Below London, the Thames 
River has an average fall of approximately 2 ft per mile. 
The North Branch falls an average of 7 ft per mile, while 
the middle and south branches fall about 11 ft per mile. 
These slopes are somewhat uniform over the stream 
lengths. On the Grand River, the gradient averages 8.5 ft 
per mile above Brantford and 2 ft per mile below. The 
gradients for the Conestoga and Nith rivers are 10.8 and 
6.6 ft per mile, respectively. The gradients for the Speed 
and Eramosa reflect the topography and average 15.4 
and 16.4 ft per mile, respectively (Grand River Conser
vation Authority, 1966). 

Mean annual precipitation increases from the south
ern part of the region near Lake Erie to the northern 
sections from approximately 34 in. (864 mm) to more 
than 40 in. (1016 mm); again the maximum is in the 
Dundalk Upland. Mean annual snowfall increases from 
less than 60 in. (152 cm) to a maximum of 120 to 
130 in. (305 to 330 cm). Therefore, the proportion of 
snowfall of the total precipitation increases toward the 
Dundalk Plain. Mean annual temperatures range from 
about 48°F (9°C) in the Lower Grand basin to less than 
42°F (5.6°C) in the headwaters. 

Region 5 — Lake St. Clair 

The basins of the rivers draining the clay plains 
adjacent to Lakes Huron and St. Clair are grouped to form 
this region. Included in this region is a strip along Lake 
Huron, termed the Huron Slope by Chapman and Putnam 
(1 966), that is essentially a clay plain. Streams such as 
the Pine, Eighteen Mile and Penetangore flow across the 
aforementioned plain. The lower main stems of the 
Thames and Maitland rivers are in this region, but the 
relationships for this region are not applicable to these 
lower river courses. 

The Lake St. Clair Region is basically a till plain 
levelled with shallow deposits of clay. The surface is 
gently undulating or has a faint knoll and sag relief. The 
plains are irregularly broken by sand and gravel or clay 
till ridges. Shallow sand plains exist in the Lower 
Thames Valley. These are former deltaic deposits of the 
Thames and are spread somewhat evenly over the clay 
floor to depths of 3 or 4 ft or less. The soils of the till 
plain in the inland section of the region are clay loams 
of the Huron, Perth and Brookston families. Lincoln and 
Haldimand clay families have been mapped on the lands 
adjacent to the St. Clair River. Most of the soil of the clay 
plain of Essex County has been classified as Brookston 
clay loam. The strip along Lake Huron that has been 
included in this region is also basically a till plain of a 
brown calcareous till with shallow clay deposits superim
posed. Overlying the clay in some scattered locations are 
shallow deltaic and beach deposits of fine sands and 
silts. Clay loams of the Huron, Perth and Brookston 
families are the most frequent soils on the fine-grained 
materials. On the aforementioned sandy soils, sandy 
loams of the Berrien and Burford groups are more 
numerous. 

High rates of runoff are characteristic in this region 
due to the impervious clay plains. Headwater streams, 
many of them now drainage ditches, are often completely 
dry in summer. The proportion of land cleared for farming 
is greater than the average for southern Ontario. The clay 
plains have little relief, a fact reflected in river gradients. 
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Average gradient for Bear Creek and Sydenham River is 
3.5 ft per mile, while gradients in the upstream are of the 
order of 10 ft per mile or more. Slopes for the Ausable 
River and Parkhill Creek average 2.8 and 6.8 ft per mile, 
respectively. 

Mean annual precipitation varies from 30 in. 
(762 mm) in the southwest peninsula to 34 in. 
(864 mm) in the northern section along the shore of Lake 
Huron. Mean annual snowfall increases from less than 
50 in. (127 cm) in the southwest to approximately 
100 in. (254 cm) in the northern section. In the two 
southernmost counties, Kent and Essex, snow does not 
remain on the ground for any appreciable length of time. 
Apart from these counties, the ground is usually covered 
during January and February. The range of mean annual 
temperature is from 44°F (6.7°C) in the north to more 
than 48°F (9°C) in the south. 

Region 6 — Lake Erie 

The tobacco-growing lands on the north slope of Lake 
Erie are in Region 6. This region contains streams from 
Rondeau in the west to the divide of the short streams 
entering the Grand River from the west. 

The divide between the Thames River and the Lake 
Erie tributaries is a succession of ridges composed of a 
silty clay or clay till. The major streams of the region such 
as Kettle, Catfish, Otter and Big Creek rise on this area of 
ridges. The ridges diminish towards the west, and the 
drainage divide between lakes Erie and St. Clair is not 
often definite. The streams then flow across clay plain and 
sand plain and have cut fairly deep steep-sided valleys. 
The sand plains of the tobacco-growing lands were 
deltaic deposits in a former glacial lake. The sand deposits 
may be up to 75 ft deep, but are usually less than 30 ft 
deep. The clay plains are composed of clay till with a 
varying depth of lacustrine silt and clay superimposed. 
The most important soils of the ridges are Huron clay or 
silt loam on the well drained sections, and the Perth series 
of silt loams in the poorly drained hollows. On the gently 
undulating clay plains, the most important groups 
mapped are the Haldimand and Lincoln clays. 

Flood frequency relations are complicated by the 
differences in permeability of the surficial soils. For 
example, in the Big Creek drainage area, 74 per cent of 
the soils have been classed as pervious, 23 per cent 
semipervious and 3 per cent as impervious (Big Creek 
Region Conservation Report, 1 958). For the purposes of 
the three classifications of permeability, sand plains, 
beaches and shorecliffs were defined as pervious, till 

plains and moraines as semipervious, and clay plains, 
bogs and marshes as almost impervious. Some trib
utaries. North Creek for example, flow almost entirely on 
sand plains. Consequently, 97 per cent of the North 
Creek basin soils are classed as pervious and 3 per cent as 
semipervious. Nanticoke Creek in the eastern end has 
40 per cent pervious soils, 14 per cent semipervious and 
46 per cent almost impervious. 

Average stream slopes in the region are moderately 
high. For some of the main rivers, gradients in feet per 
mile listed in the appropriate Conservation reports are: 
Kettle Creek, 7.6; Otter Creek, 8.2; Little Otter Creek, 
16.5; Big Creek, 7.7; Lynn Creek, 13.0; and Nanticoke 
Creek, 7.6. Much greater slopes, varying from 20 to 60 ft 
per mile, occur in the headwaters. The average annual 
precipitation in the Big Creek basin is about 34 in. 
(864 mm) and snowfall about 54 in. (137 cm) (Big 
Creek Conservation Report, 1 958). The proximity of Lake 
Erie has a moderating effect on the climate. The mean 
annual temperature for the Lake Erie counties is about 
47°F (8.4°C). 

Region 7 — Niagara Peninsula 

The rivers draining the Haldimand clay plain of the 
Niagara Peninsula were placed in Region 7. The region 
extends up to the divide between Oakville Creek and the 
Credit River. Streams such as Oakville Creek have been 
included because, although their source area is the 
Niagara Cuesta, they drain clay and till plains, notably the 
Peel and Iroquois Plains. 

The peninsula was formerly covered by glacial Lake 
Warren. Not all of the area, though, is buried by stratified 
clay. There are morainic ridges in the north that provide 
the only real relief on the clay plain. The southern part has 
more the characteristics of a typical level lake plain. The 
fine-grained parent materials and poor drainage have 
produced the Haldimand and Lincoln series of clays. 
Haldimand clay has been mapped as far as the Credit 
River basin. 

The main feature of the area is, of course, the Niagara 
Escarpment. The climatic advantage presented by the 
presence of the escarpment has enabled the plain 
between the scarp and Lake Ontario to become an 
important fruit-growing area. 

Most of the streams originate near the morainic hills in 
the north and flow across the clay plain until captured to 
flow down the escarpment in deep steep-sided valleys. 
The Welland River used to empty into the Niagara River 
but is now part of the Chippewa-Queenston power canal. 
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No streams of any consequence in this region drain into 
Lake Erie. The clay plains produce high rates of runoff and 
have low slopes. The average gradient of the Welland 
River above the power canal is 3 ft per mile, and for 
Twenty Mile Creek, on the clay plain, 4.8 ft per mile. 

The peninsula is part of the Lake Erie Counties climatic 
region. Mean annual temperature in the region is about 
47°F (8.4°C). Mean annual precipitation is approximately 
34 in. (864 mm), including snowfall of about 54 in. 
(127 cm). Snow does not usually persist on the penin
sula during winter. 

Region 8 — Lake Ontario 

The drainage divide along the crest of the Oak Ridges 
moraine forms the boundary between Regions 8 and 9. 
The north slope streams of the moraine are tributary to 
the Trent-Severn River System and the south slopes drain 
to Lake Ontario. From west to east, this region encom
passes the basins from the Credit River to the divide 
between the streams that flow in Lake Ontario and those 
that flow into the Trent River. 

The source for most of the streams is the interlobate 
moraine. The water drains vertically through the pervious 
soils, mostly sands and gravels, and appears as springs 
along the slopes. Just south of the moraine is a sloping till 
plain containing a variety of soils, sandy in the east and 
more clayey in the west. In the west, the Peel clay plain 
breaks the till plain into two arms. The soils are 
dominantly medium- and coarse-textured and are 
formed on till, or sand and gravel. On the hilly topogra
phy, the sandy loam is of the Fox and Guelph series. A 
large section of the till plain is Guelph loam, with London 
series loam in imperfectly drained sections. The sandy 
areas of the till plain are classed as Bookton, Fox and 
Honeywood sandy loams. 

For some streams, the source area is the morainal 
deposits on the Niagara Cuesta. This is the case for the 
Credit River. Others, such as the Don River, Etobicoke 
and Highland creeks, drain entirely from the till plain. 
The source of the Humber is both on the escarpment and 
the interlobate moraine. Streams that have their source 
on the moraine have a much more regular flow regime 
maintaining a relatively strong base flow. 

Most of the Lake Ontario Region streams are short, 
with large gradients and sharp valleys until they reach the 
level of former glacial Lake Iroquois. Average river 
gradients are 25 to 35 ft per mile for larger streams and 
up to approximately 100 ft per mile for headwater and 
small streams. The western half of this region is the most 

urbanized area in Ontario. Urbanization has brought an 
increase in the flood potential, though the exact effects 
are difficult to determine. Floods pose almost a yearly 
hazard for some urban areas on the old lake plain because 
of the swift movement of runoff down the steep river 
gradients. 

Region 8 is mostly within the South Slopes climatic 
region (Brown et al., 1968). Average mean annual 
temperature, precipitation and snowfall are 45°F (7.3°C), 
32 in. (812 mm) and 70 in. (178 cm), respectively. A 
rain-shadow effect is evident just to the west of the 
Toronto area and average precipitation decreases to less 
than 28 in. (711 mm). 

Region 9 — Trent-Severn System 

The final region delineated is the north slope of the 
Oak Ridges moraine or the southern section of the Trent-
Severn drainage system. The Penetang Peninsula west to 
the divide of the Nottawasaga basin has been included in 
this region. The vertical drainage in the porous soils of the 
uplands of the Penetang Peninsula is also characteristic of 
the interlobate moraine. North of the moraine is a fluted 
till plain, the Peterborough Drumlin Field, that is notable 
for the large number of drumlins or glacially deposited 
oval hills, which were formerly termed whalebacks. In the 
west the till contains great quantities of angular limestone 
rubble, while in the east the rubble decreases and there is 
a greater occurrence of large boulders of Precambrian 
origin. Deposits of clay lie between the drumlins in some 
areas that were flooded by the old glacial lakes. Similarly, 
lacustrine clays are found in the Trent River area because 
of inundation up the Trent Valley. Towards the south, the 
till is somewhat more sandy. The lowlands around the 
southern and western ends of Lake Simcoe are floored by 
sand, silt and clay deposited in a former glacial lake. 

The well drained Otonabee group of loams has been 
mapped extensively over the till plain. Towards the 
moraine, the Guelph family of loams predominates. On 
the west and north of Lake Simcoe, the dominant well 
drained soils have been placed in the Vasey and Tioga 
families. The Tioga loamy sand is the most widespread on 
the Penetang Peninsula. 

The river valleys of the Region are U-shaped and wide 
with varying amounts of swampy areas. The rivers are 
sluggish in the lowland and till plain, and have shallow 
channels. The valleys are deep enough to provide 
excellent drainage for the upland hills. Average river 
gradients are moderate to large. The Holland and 
Schomberg rivers fall an average of 1 4 and 1 1 ft per 
mile, respectively. In the Holland headwaters, gradients 
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vary from 18 to 46 ft per mile. Streams with drainage 
areas of 100 mi^ or less discharging into the Trent River 
have average slopes varying from 10 to 40 ft per mile. 

Representative values of mean annual temperature, 
precipitation and snowfall for the Simcoe and Kawartha 
lakes climatic region, which makes up most of Region 9, 
are 43°F , 32 in. and 70 in. (6 .2°C, 812 mm and 
1 78 cm), respectively. Being in the lee of Georgian Bay, 
the uplands of the Penetang Peninsula receive more 
precipitation. Average annual precipitation increases on 
the peninsula to more than 38 in. (965 mm) and 
snowfall to more than 112 in. (285 cm). 

ESTIMATION OF MEAN ANNUAL FLOOD 

Annual Flood Data 

The mean annual flood (MAF) was taken as the 
arithmetic mean of the sample series. Only data for 
natural flow stations were used for the regional analysis. 
These gauging stations and the relevant data are listed by 
region in Table 6. An additional 43 natural flow records, 
5 to 9 years long (Table 7), were used to delineate 
regional boundaries and to draw curves of MAF versus 
drainage area. The data for a number of rivers in 
Region 6, Lake Erie Region, have been included in the 
analysis. Although these rivers are listed as regulated in 
the Water Survey of Canada publications, flood storage 
was considered to be minor. Most of the streams are short 
and steep with narrow valleys, and flood storage was 
considered to be insignificant. 

The mean annual runoff (MAR), in cubic feet per 
second and inches, has also been calculated and listed in 
Tables 6 and 7. Because of gaps in a record, or gauging of 
a stream only during the spring freshet, mean annual 
runoff values could not be computed and blanks appear in 
Table 6. For calculation of the ratio MAF /MAR, the mean 
annual flood and the mean annual runoff have been 
computed over an equivalent period of record. The period 
of record is also noted in Tables 6 and 7. 

There were no records to 1971 of at least 10 years 
duration for Region 9, the Trent-Severn System. Since 
some knowledge of the flood frequency relationships for 
this region was considered desirable, streamflow data up 
to 1974 have been used. Five gauging stations were 
available with 8 to 11 years of data. These data were 
helpful in the preparation of a dimensionless frequency 
curve for the Trent-Severn Region. 

Mean Annual Flood vs. Drainage Area 

Plots of the mean annual flood versus drainage area 
on log-log paper have been prepared for nine regions and 
are shown in Figures 144 to 1 52. The data in both Tables 
6 and 7 have been plotted. A straight line was drawn by 
eye through the points, with the most weight given to the 
data based on 10 or more years of record. An expression 
of the following form was fitted: 

M A F = C A " (20) 

where MAF is the mean annual flood in cfs, C is a 

Table 6. Data Based on 10 or More Years of Record Used to Define Regional Flood Frequency Relations 

Drainage MAR Ratio 
Region and gauging station Period of area M A F MAF/MAR 

record (m^) (cfs) cfs in. (7) 

Region 1 

02HL003 Black River near Actinolite 1956-71 155 1 320 153 13.4 8.66 
02EC002 Black River near Washago 1916-71 585 4 387 762 17.7 5.76 
02EA005 North Magnetawan River near Burk's Falls 1916-71 129 1 527 194 20.5 7.86 
02KB001 Petawawa River near Petawawa 1916-71 1590 7 088 1611 13.8 4.40 
02HM003 Salmon River near Shannonville 1959-71 344 2 106 320 12.6 6.58 
02HL004 Skootamatta River near Actinolite 1956,1959-71 275 2 066 264 13.0 7.84 

Region 2 

02LB008 Bear Brook near Bourget 1949-69 170 3 295 — — -
02LB006 Castor River at Russell 1948-71 167 3 739 - - -
02MC001 Raisin River at William ston 1961-71 150 2 736 - - -
02LB009 South Nation River at Chesterville 1950-71 404 6 203 - - -
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Table 6 (continued) 

Drainage MAR Ratio 
Region and gauging station Period of area MAF MAF/MAR 

record (m^) (cfs) cfs in. (7) 

Region 3 

02FB010 Bighead River near Meaford 1958-71 113 1 760 143 17.2 12.31 
02FC011 Carrick Creek near Carlsruhe 1954-71 63 800 69 14.9 11.59 
02ED003 Nottawasaga River near Baxter 1950-71 456 3 973 324 9.7 12.26 
02FA001 Sauble River at Sauble Falls 1958-71 358 4 257 454 17.2 9.38 
02FC001 Saugeen River near Port Elgin 1915-71 1570 17 320 1958 16.9 8.85 
02FC002 Saugeen River near Walkerton 1915-71 850 9 999 1048 16.7 9.54 
02FB007 Sydenham River near Owen Sound 1949-71 70 958 96 18.6 9.98 

Region 4 

02GA017 Conestogo River at Drayton 1951-71 125 3 316 127 13.8 26.20 
02GD010 Fish Creek near Prospect Hill 1952-71 58 1 367 58.5 13.7 23.39 
02GB008 Horner Creek near Mount Vernon 1962-71 148 1 392 118 10.8 11.84 
02GB009 Kenny Creek near Burford 1961-71 35.5 682 - - -
02GA021 Lutteral Creek near Oustic 1954-63 21 424 20.7 13.4 20.5 
02FE004 Maitland River near Donnybrook 1948-71 680 12 758 822 16.4 15.52 
02GD008 Medway River at London 1946-71 70 1 844 - - -
02GA010 Nith River near Canning 1948-71 398 6 278 364 12.4 17.27 
02GD003 North Thames River below Fanshawe Dam 1916-33, 1936-43 560 10 598 536 13.0 19.77 
02GD016 Thames River at Ingersoll 1958-71 200 2 304 162 11.0 14.21 
02GD012 Thames River at Woodstock 195 3-71 98 1 513 88 12.2 17.12 
02GD001 Thames River near Ealing 1916-71 519 6 735 479 12.5 14.06 
02GD013 Wye Creek near Thorndale 1954-71 15 433 - - -

Region 5 

02FF002 Ausable River near Springbank 1948-71 334 5 987 328 13.3 18.25 
02FF003 Parkhill Creek near Parkhill 1954-66 48 1 405 41 11.6 34.27 
02GG002 Sydenham River at Alvinston 1949-71 283 3 429 254 12.2 13.48 

Region 6 

02GC006 Big Creek near Delhi 1956-71 140 1 206 117 11.3 10.31 
02GC007 Big Creek near Walsingham 1956-71 228 1 558 199 11.8 7.84 
02GC010 Big Otter Creek at Tillsonburg 1961-71 132 1 935 108 11.1 17.92 
02GC004 Big Otter Creek near Vienna 1948-71 269 2713 262 13.2 10.09 
02GC002 Kettle Creek at St. Thomas 1957-71 127 2 355 - - -
02GC008 Lynn River at Simcoe 1958-71 55 510 47.3 11.7 10.78 
02GC005 North Creek at Delhi 1955-66 21 247 - - -

Region 7 

02HB004 East Oakville Creek near Omagh 1958-71 77 1 271 46 8.0 27.91 
02HA006 Twenty Mile Creek at Balls Falls 1958-71 113 2 384 84 10.1 28.32 
02HA007 Welland River at Merritts Church 1958-61, 1963-71 87 1 345 61 9.6 21.98 

Region 8 

02HB001 Credit River near Cataract 1916-71, 1946, 1952 82 795 61 10.2 12.95 
02HC005 Don River at York Mills 1954-58,1961-66, 1969 34 622 24.3 9.7 25.55 
02HC006 Duffin Creek at Pickering 1949-71 110 1 346 96 11.8 14.07 
02HC019 Duffin Creek below Arthur Percy Dam 1961-71 34 397 - - -
02HC009 East Humber River near Pine Grove 1954-71 76 719 37 6.6 19.43 
02HC017 Etobicoke Creek at Brampton 1958-71 24.4 467 - - -
02HC002 Etobicoke Qeek near Summerville 1946-62 64 2 057 - - -
02HC013 Highland Creek near West Hill 1958-71 34 450 24 9.7 18.59 
02HC012 Humber River near Cedar Mills 1958-71 65 510 48 10.1 10.57 
02HC004 Little Don River near Lansing 1948-53, 1955-64 46 816 33 9.8 24.67 
02HC018 Lynde Creek near Whitby 1961-71 41 385 27 8.8 14.45 
02HC022 Rouge River near Markham 1962-71 72 662 39 7.4 16.97 
02HD007 Soper Creek at Bowmanville 1960-66, 1969,1971 30 367 25.5 11.5 14.42 

Region 9 

02HJ001 Jacksons Creek near Peterborough 1963-74 40.7 650 39.1 13.0 16.62 
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Table 7. Data Based on Gauging Stations having 5 to 9 Years of Record 

Drainage Ratio 
Region and Period of area MAF MAR MAF/MAR 

gauging station record (mi^) (cfs) cfs in. (7) 

Region 1 

02JE014 Mattawa River near Rutherglen 1963-71 794 5240 892 15.2 5.88 
02HL005 Moira River near Deloro 1966-71 119 958 118 13.4 8.15 
02HM004 Wilton Creek near Napanee 1966-71 43.4 649 46 14.5 14.03 

Region 3 

02ED005 Mad River near Glencairn 1964-71 114 1100 130 15.4 8.50 

Region 4 

02FF007 Bayfield River near Varna 1967-71 180 4886 211 15.9 23.16 
02GE005 Dingman Creek at Lambetli 1966-71 50.3 913 44 11.9 20.63 
02GB007 Fairchild Creek near Brantford 1965-71 139 1650 108 10.6 15.23 
02GB011 Mount Pleasant Creek near Burtch 1965-71 11.2 140 8.1 9.8 17.28 
02GD019 Trout Creek near Fairview 1967-71 13.9 441 18.1 17.7 24.34 
02GD020 Waubuno Creek near Dorchester 1966-71 41.6 860 35 11.4 24.57 

Region 5 

02GG004 Bear Creek above WUkesport 1965-71 230 3590 183 10.8 19.61 
02GG006 Bear Creek near PetroUa 1967-71 103 2152 81 10.7 26.52 
02GG005 Sydenham River at Strathroy 1967-71 66.6 1264 65 13.2 19.54 
02FF004 South Parkhill Creek near Parkhill 1966-71 16 305 13.7 11.6 22.33 

Region 6 

02GC011 Big Creek near Kelvin 1964-71 55 775 41.6 10.3 18.63 
02GC017 Big Otter Creek above Otterville 1965-71 36 625 33.2 12.5 18.83 
02GC018 Catfish Creek near Sparta 1965-71 111 3075 109 13.3 28.21 
02GC013 Dedrich Creek near Port Rowan 1964-71 28 322 29.7 14.4 10.84 
02GC015 Little Otter Creek near Straffordville 1964-71 40 368 44.3 15.0 8.31 
02GC012 Patterson Creek near Simcoe 1964-69, 1971 17.8 144 20.3 15.5 7.09 
02GC016 South Otter Creek near Port Burwell 1965-71 42 503 44.8 14.5 11.23 
02GC021 Venison Creek near Walsingham 1967-71 26.4 196 33.3 17.1 5.89 
02GC014 Young Creek near Vittoria 1964-71 17.8 159 25.4 19.4 6.23 

Region 7 

02HB012 Grindstone Creek near Aldershot 1966-71 30.3 355 26.7 12.0 13.30 

Region 8 

02HC027 Black Creek at Scarlett Road 1967-71 22.4 379 25 15.1 15.94 
02HC023 Cold Creek near Bolton 1963-71 24 214 14.8 8.4 11.95 
02HC024 Don River at Todmorden 1963-71 111 1364 116 14.2 11.74 
02HC032 East Humber River at Humber Trails 1966-71 36.6 243 15.4 5.7 15.83 
02HC030 Etobicoke Creek below Queen Elizabeth 

Highway 1967-71 75.5 1636 66 11.8 24.88 
02HC025 Humber River at Elder Mills 1963-71 117 857 75 8.8 11.43 
02HC011 Humber River at Woodbridge 1957-62 191 1331 111 7.9 11.95 
02HC029 Little Don River at Don Mills 1965-71 50 556 39 10.7 14.13 
02HC028 Little Rouge Creek near Locust Hill 1964-71 30 433 22.9 10.4 18.92 
02HC033 Mimico Creek at Islington 1966-71 24.4 431 20.4 11.4 21.13 
02HD008 Oshawa Creek at Oshawa 1965-71 43 652 39.8 12.6 16.37 
02HD010 Shelter Valley Brook near Grafton 1966-71 25 • 267 28 15.2 9.55 
02HC026 West Duffin Creek at Green River 1964-67, 50 482 30 8.2 15.95 

1970-71 
02HC031 West Humber River at Highway No. 7 1966-70 59.2 684 29 6.7 23.59 
02HD009 Wilmot Creek near Newcastle 1966-71 31.9 294 29.8 12.7 9.87 

Region 9 

02EC011 Beaverton River near Beaverton 1967-74 109 1358 102 12.7 13.31 
02ED007 Coldwater River near Coldwater 1966-74 68.2 758 78 15.4 9.72 
02EC009 Holland River at Holland Landing 1966-74 67.8 639 43.4 8.7 14.75 
02EC010 ' Schomberg River near Schomberg 1967-74 19.8 210 10.2 7.0 20.59 
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For a number of regions, the spread of the plotted data 
was large. An average curve was drawn through the 
points and then the upper and lower limit curves were 
drawn parallel to the average curve. These bounds are 
noted as maximum and minimum. For Region 7, some 
judgment was required for the determination of a 
relationship because of the lack of data. The MAF 
characteristics for Region 7 and Regions 4 and 5 were 
found to be somewhat similar. Therefore, a curve 
(Fig. 1 50) was derived based on the average curves for 
Regions 4 and 5. 

The plots of the ratio of the mean annual flood to mean 
annual runoff against drainage area are shown on Figures 
153 to 160. Curves have been drawn by eye. Because 
of lack of data, there is no plot for Region 2. 

DIMENSIONLESS FREQUENCY CURVES 

For the stations with 10 or more years of data, 
dimensionless frequency ratios were calculated for 
various cumulative probabilities up to 0.01 %. Ratios for 
the smaller probabilities were, again, calculated for 
comparison. Dimensionless ratios were calculated for the 

Table 9. Ratio of Flood Estimate to Mean Annual Flood for Selected Cumulative Probabilities (per cent) for Each Region 

Ratio to mean annual flood for selected probability (per cent) 

Region and gauging station number 80 50 20 10 5 2 1 0.1 0.01 

Region 1 

02HL003 Black River near ActinoUte 0.722 0.991 1.273 1.427 1.557 1.707 1.808 2.102 2.357 
02EC002 Black River near Washago 0.786 0.990 1.208 1.328 1.430 1.548 1.629 1.866 2.073 
02EA005 North Magnetawan River near 

Burk's Falls 0.724 0.976 1.262 1.426 1.569 1.740 1.860 2.222 2.552 
02KB001 Petawawa River near Petawawa 0.704 0.944 1.268 1.480 1.680 1.939 2.133 2.789 3.479 
02HM003 Salmon River near Shannonville 0.682 0.945 1.289 1.509 1.716 1.980 2.175 2.825 3.494 
02HL004 Skootamatta River near Actinolite 0.753 0.990 1.243 1.380 1.497 1.633 1.725 1.994 2.227 

Regional curve 0.729 0.973 1.257 1.425 1.575 1.758 1.888 2.300 2.697 

Region 2 

02LB008 Bear Brook near Bourget 0.694 0.990 1.301 1.469 1.612 1.775 1.886 2.207 2.483 
02LB006 Castor River at Russell 0.664 0.987 1.329 1.516 1.674 1.856 1.980 2.342 2.653 
02MC001 Raisin River at Williamston 0.631 0.991 1.365 1.566 1.736 1.930 2.061 2.438 2.759 
02LB009 South Nation River at Chesterville 0.709 0.990 1.286 1.446 1.581 1.738 1.843 2.150 2.414 

Regional curve 0.675 0.990 1.320 1.499 1.651 1.825 1.943 2.284 2.577 

Region 3 

02FB010 Bighead River near Meaford 0.686 0.990 1.308 1.481 1.626 1.793 1.905 2.231 2.511 
02FC011 Carrick Creek near Carlsruhe 0.739 0.990 1.256 1.403 1.525 1.668 1.764 2.045 2.289 
02ED003 Nottawasaga River near Baxter 0.550 0.880 1.375 1.725 2.077 2.553 2.926 4.277 5.835 
02FA00i Sauble River at Sauble Falls 0.718 0.991 1.278 1.434 1.566 1.718 1.822 2.121 2.379 
02FC001 Saugeen River near Port Elgin 0.695 0.990 1.300 1.467 1.608 1.771 1.881 2.199 2.472 
02FC002 Saugeen River near Walkerton 0.654 0.931 1.304 1.547 1.778 2.076 2.300 3.055 3.850 
02FB007 Sydenham River near Owen Sound 0.612 0.908 1.377 1.635 1.928 2.319 2.622 3.697 4.903 

Regional curve 0.665 0.954 1.308 1.527 1.730 1.985 2.174 2.804 3.463 

constant, A is the drainage area in square miles and TJ is 
an exponent. The values of C and TJ for each region are 
given in Table 8. 

Table 8. Constant C and Slope r) for Mean Annual Flood vs. 
Drainage Area Curves 

Region Constant C Slope T] 

1 51.50 0.667 

2 65.70 0.761 

3 14.24 0.973 

4 
16.70 (min) 
26.70 
37.80 (max) 

0.915 

5 
15.62 (min) 
23.40 
34.45 (max) 

0.955 

6 
9.67 (min) 

14.26 
25.28 (max) 

0.936 

7 25.00 0.935 

8 
9.93 (min) 

14.66 
21.39 (max) 

0.960 

9 15.31 0.924 
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Table 9 (continued) 

Ratio to mean annual tlood for selected probability (per cent) 

Region and gauging station number 80 50 20 10 5 2 1 0.1 0.01 

Region 4 

02GA017 Conestogo River at Drayton 0.673 0.990 1.322 1.501 1.652 1.825 1.943 2.282 2.572 
02GD010 Fish Creek near Prospect Hill 0.561 0.965 1.419 1.679 1.905 2.175 2.362 2.928 3.443 
02GB008 Horner Creek near Mount Vernon 0.587 0.991 1.409 1.633 1.821 2.037 2.182 2.599 2.952 
02GB009 Kenny Creek near Burford 0.477 0.849 1.450 1.900 2.365 3.019 3.545 5.544 7.988 
02GA021 Lutteral Creek near Oustic 0.397 0.846 1.516 1.990 2.463 3.106 3.608 5.425 7.514 
02FE004 Maitland River near Donnybrook 0.591 0.953 1.383 1.639 1.868 2.146 2.345 2.966 3.555 
02GD008 Medway River at London 0.557 0.918 1.396 1.707 2.001 2.378 2.659 3.605 4.592 
02GA010 Nith River near Canning 0.630 0.941 1.340 1.591 1.825 2.120 2.337 3.049 3.770 
02GD003 North Thames River below 

Fanshawe Dam 0.676 0.990 1.319 1.496 1.646 1.818 1.934 2.270 2.557 
02GD016 Thames River at Ingersoll 0.505 0.899 1.438 1.795 2.138 2.584 2.921 4.073 5.306 
02GD012 Tliames River at Woodstock 0.499 0.855 1.412 1.816 2.228 2.798 3.250 4.930 6.926 
02GD001 Thames River near Ealing 0.563 0.911 1.379 1.685 1.976 2.351 2.633 3.586 4.590 
02GD013 Wye Creek near Thorndale 0.434 0.956 1.540 1.873 2.164 2.508 2.746 3.469 4.120 

Regional curve 0.550 0,928 1.409 1.716 2.004 2.374 2.651 3.594 4.607 

Region 5 

02FF002 Ausable River near Springbank 0.555 0.863 1.375 1.765 2.174 2.757 3.232 5.067 7.362 
02FF003 Parkhill Creek near Parkhill 0.481 0.875 1.451 1.852 2.247 2.777 3.188 4.652 6.302 
02GG002 Sydenham River at Alvinston 0.668 0.991 1.327 1.509 1.662 1.837 1.956 2.299 2.591 

Regional curve 0.568 0.910 1.384 1.709 2.028 2.457 2.792 4.006 5.418 

Region 6 

02GC006 Big Creek near Delhi 0.383 0.820 1.492 1.977 2.468 3.142 3.675 5.638 7.944 
02GC007 Big Creek near Walsingham 0.400 0.834 1.467 1.907 2.340 2.920 3.370 4.968 6.765 
02GC010 Big Otter Creek at Tillsonburg 0.500 0.865 1.430 1.840 2.256 2.831 3.286 4.973 6.968 
02GC004 Big Otter Qeek near Vienna 0.552 0.888 1.392 1.748 2.104 2.586 2.964 4.327 5.895 
02GC002 Kettle Creek at St. Thomas 0.468 0.892 1.459 1.827 2.176 2.625 2.961 4.091 5.275 
02GC008 Lynn River at Simcoe 0.463 0.937 1.502 1.837 2.139 2.508 2.771 3.594 4.376 
02GC005 North Qeek at Delhi 0.271 0.794 1.575 2.126 2.676 3.421 4.004 6.109 8.5 26 

Regional curve 0.434 0.861 1.474 1.895 2.308 2.862 3.290 4.814 6.536 

Region 7 

02HB004 East Oakville Qeek near Omagh 0.671 0.991 1.324 1.503 1.655 1.829 1.947 2.287 2.577 
02HA006 Twenty Mile Creek at Balls Falls 0.623 0.991 1.373 1.578 1.751 1.948 2.082 2.465 2.791 
02HA007 Welland River at Merritts Church 0.651 0.967 1.331 1.543 1.730 1.955 2.113 2.599 3.050 

Regional curve 0.648 0.983 1.343 1.541 1.712 1.911 2.047 2.450 2.806 

Region 8 

02HB001 Credit River near Cataract 0.565 0.899 1.372 1.693 2.004 2.415 2.728 3.823 5.021 
02HC005 Don River at York Mills 0.490 0.852 1.408 1.809 2.214 2.771 3.212 4.832 6.737 
02HC006 Duffm Creek at Pickering 0.543 0.990 1.451 , 1.697 1.904 2.140 2.299 2.754 3.139 
02HC019 Duffin Creek below Arthur Percy Dam 0.557 0.872 1.363 1.720 2.086 2.592 2.992 4.484 6.259 
02HC009 East Humber River near Pine Grove 0.394 0.905 1.538 1.925 2.278 2.716 3.033 4.047 5.043 
02HC017 Etobicoke Qeek at Brampton 0.570 0.981 1.418 1.655 1.859 2.092 2.253 2.717 3.120 
02HC002 Etobicoke Creek near Summerville 0.605 0.950 1.369 1.622 1.853 2.136 2.340 2.987 3.614 
02HC013 Highland Qeek near West Hill 0.572 0.968 1.411 1.662 1.882 2.142 2.323 2.865 3.357 
02HC012 Humber River near Cedar Mills 0.473 0.903 1.464 1.824 2.161 2.591 2.910 3.968 5.056 
02HC004 Little Don River near Lansing 0.426 0.990 1.568 1.876 2.133 2.425 2.620 3.180 3.651 
02HC018 Lynde Creek near Whitby 0.557 0.914 1.398 1.714 2.019 2.412 2.710 3.717 4.788 
02HC022 Rouge River near Markham 0.571 0.911 1.388 1.711 2.026 2.440 2.755 3.855 5.057 
02HD007 Soper Creek at Bowmanville 0.574 0.914 1.383 1.697 2.000 2.397 2.697 3.729 4.845 

Regional curve 0.531 0.927 1.425 1.739 2.032 2.405 2.682 3.612 4.591 

Region 9 

02HJ001 Jackson's Qeek near Peterborough 0.675 0.900 1.268 1.542 1.828 2.229 2.554 3.791 5.309 
02ED007 Coldwater River near Coldwater 0.835 0.970 1.150 1.269 1.381 1.525 1.633 2.000 2.385 
02EC011 Beaverton River near Beaverton 0.762 0.988 1.233 1.369 1.485 1.622 1.715 1.991 2.234 
02EC010 Schomberg River near Schomberg 0.733 0.957 1.243 1.419 1.586 1.790 1.943 2.433 2.929 
02EC009 Holland River at Holland Landing 0.706 0.912 1.238 1.477 1.723 2.066 2.340 3.368 4.603 

Regional curve 0.742 0.945 1.226 1.415 1.601 1.846 2.037 2.717 3.492 
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three-parameter log-normal distribution by dividing the 
flood estimates for the various probabilities by the mean 
annual flood. The ratios were then averaged for each 
region to obtain a regional frequency curve. The dimen
sionless ratios for each station along with the regional 
ratios are listed in Table 9 and plots of the regional 
frequency curves shown in Figures 161 to 169. 

A large variation was observed in the ratios within 
certain regions. Therefore the maximum and minimum 
ratios for each probability were plotted and a smooth 
curve drawn through each set of points to represent the 
observed limits. The deviation of the ratios becomes more 
significant at higher return periods. The complex topog
raphy and areal changes in permeability of various soil 
types probably account for this large spread. 

APPLICATION OF REGIONAL FREQUENCY 
RELATIONS TO UNGAUGED AREAS 

To illustrate the method of application of the flood 
frequency relationships presented in this study, a hypo
thetical example from Region 1, the Canadian Shield, 
was chosen. The magnitude of the 50-year flood for an 
area of 100 mi^ was estimated. The area was assumed to 
be in the upper North Magnetawan River basin. From the 
plot of mean annual flood against drainage area for the 
Canadian Shield (Fig. 144), the MAF for 100 mi^ was 
read as 1110 cfs. From Table 9 or Figure 161, the 
average dimensionless ratio for the 50-year flood is 
1.76. Therefore, 1.76 times 1110 yielded an estimate of 
1 950 cfs for the present example. 

An estimate of the mean annual runoff was required 
to use the relationship of the ratio M A F / M A R with 
drainage area. A visual estimate for the basin in the 
example was 20 in. of runoff, or approximately 147 cfs 
for the 100 mi^ of drainage area. From Figure 1 53, the 
ratio of MAF/MAR obtained from the curve entered at 
100 mi^ was 9.5. Therefore, 9.5 X 147 gave an estimate 
of 1397 cfs for the MAF. The 50-year flood by this 
method was then calculated as 2460 cfs (1 397 X 1.76). 

MAXIMUM RECORDED FLOODS 

The maximum recorded floods for the gauging 
stations in the study area have been listed in Table 10. 
Figure 170 is a plot of the maximum floods against 
drainage area. The plotted data are identified numerically 
corresponding to the sequential numbering of the stations 
in Table 10. The top values give an indication of the 
flood-producing potentiator southern Ontario. 

A curve was drawn by eye to represent the maximum 
historical floods. More weight was given to the higher 
points at the larger drainage areas. The relationship 
obtained is 

Q „ 3 , = 606A°-^i5 (21) 

where Q^a^ is the maximum historical flood in cubic feet 
per second and A is the drainage area in square miles. 
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Table 10. Maximum Recorded Floods 

Drainage Maximum 
area flood 

No. Station name (mi^) (cfs) 

1. Ausable River near Springbank, 02FF002 334 12 400 
2. Bear Brook near Bourget, 02LB008 170 4 820 
3. Beaver River above Eugenia Power House, 02FB001 95 1 170 
4. Beaver River near Clarksburg, 02FB009 225 2 190 
5. Beaver River near Kimberley, 02FB003 100 1 310 
6. Big Creek near Delhi, 02GC006 140 3 750 
7. Big Creek near Walsingham, 02GC007 228 6 100 
8. Big Otter Creek at Tillsonburg, 02GC010 132 4 360 
9. Big Otter Creek near Vienna, 02GC004 269 6 400 

10. Bighead River near Meaford, 02FB010 113 3 100 
11. Black River near Actinolite, 02HL003 155 2 210 
12. Black River near Washago, 02EC002 585 8 080 
13. Bonnechere River near Castleford, 02KC009 918 10 100 
14. Bowmanville Creek at Bowmanville, 02HD006 32 1 430 
15. Canagagigue Creek near Elmira, 02GA023 45.4 1 010 
16. Carrick Creek near Carlsruhe, 02FC011 63 1 250 
17. Castor River at RusseU, 02LB006 167 6 520 
18. Cedar Creek at Woodstock, 02GD011 36 1 320 
19. Conestogo River at Drayton, 02GA017 125 5 540 
20. Conestogo River at Glen Allan, 02G028 223 7 600 
21. Conestogo River near Conestogo, 02GA013 317 20 900 
22. Credit River at Erindale, 02HB002 320 11 200 
23. Credit River near Cataract, 02HB001 82 2 360 
24. Crowe River at Marmora, 02HK003 770 7 370 
25. Depot Creek at Bellrock, 02HM002 68.7 748 
26. Don River at York Mills, 02HC005 34 1 680 
27. Duffin Creek at Pickering, 02HC006 110 3 470 
28. Duffin Qeek below Arthur Percy Dam, 02HC019 34 886 
29. East Humber River near Pine Grove, 02HC009 76 2 940 
30. East Oakville Geek near Omagh, 02HB004 77 2 440 
31. Eramosa River above Guelph, 02GA029 91 1 040 
32. Etobicoke Creek at Brampton, 02HC017 24.4 894 
33. Etobicoke Creek near Summerville, 02HC002 64 4 460 
34. Fish Creek near Prospect Hill, 02GD010 58 3 400 
35. Ganaraska River near Dale, 02HD002 101 3 420 
36. Ganaraska River near Osaca, 02HD003 26 700 
37. Grand River at Belwood, 02GA001 280 8 760 
38. Grand River at Brantford, 02GB001 2010 47 800 
39. Grand River at Conestogo, 02GA002 550 10 400 
40. Grand River at Gait, 02GA003 1360 40 300 
41. Grand River at Waldemar, 02GA022 253 8 310 
42. Grand River at York, 02GB002 2280 36 200 
43. Grand River below Shand Dam, 02GA016 309 9 720 
44. GuU River at Norland, 02HF002 495 2 260 
45. Highland Creek near West Hill, 02HC013 34 946 
46. Homer Creek near Mount Vernon, 02GB008 148 2 270 
47. Horner Creek near Princeton, 02GB006 58 1 860 
48. Humber River at Weston, 02HC003 309 29 600 
49. Humber River near Cedar MUls, 02HC012 65.2 1 620 
50. Kenny Creek near Burford, 02GB009 35.5 1 500 
51. KetUe Creek at St. Thomas, 02GC002 127 7 950 
52. Laurel Creek at Waterloo, 02GA024 23 616 
53. Little Don River near Lansing, 02HC004 46 3 230 
54. Lutteral Qeek near Oustic, 02GA021 21 1 050 
55. Lynde Geek near Whitby, 02HC018 41 818 
56. Lynn River at Simco, 02GC008 55 1 350 
57. Madawaska River at Madawaska, 02KD001 530 7 000 
58. Madawaska River at Palmer Rapids, 02KD004 2240 17 400 
59. Madawaska River at Stewartville, 02KE005 3150 21 000 
60. Madawaska River at Whitney, 02KD006 390 6 160 
61. Madawaska River near Amprior, 02KE002 3185 22 000 
62. Magnetawan River at Maple Island, 02EA008 715 7 010 
63. Magnetawan River near Burk's Falls, 02EA006 241 3 770 
64. Maitland River above Wingham, 02FE005 204 7 830 

295 



Table 10 (continued) 

Drainage Maximum 
area 
(mi^) 

flood 
No. Station name 

area 
(mi^) (cfs) 

65. Maitland River below Wingham, 02FE002 628 20 000 
66. Maitland River near Donnybrook, 02FE004 680 31 100 
67. McKenzie Creek near Caledonia, 02GB010 66 1 020 
68. Medway River at London, 02GD008 70 3 780 
69. Middle Maitland River near Ustowel, 02FE003 30 1 220 
70. Middle Thames River at Thamesford, 02GD004 118 5 440 
71. Mississippi River at Appleton, 02KF006 1120 9 190 
72. Mississippi River at Ragged Chute, 02KF007 401 3 640 
73. Moira River near Foxboro, 02HL001 1010 12 400 
74. Muskoka River below Bala, 02EB006 1840 13 000 
75. Muskoka River near Bala, 02EB005 1868 13 000 
76. Napanee River near Napanee, 02HM001 300 3 400 
77. Nith River at New Hamburg, 02GA018 213 8 180 
78. Nith River near Canning, 02GA010 398 11 600 
79. North Creek at Delhi, 02GC005 21 1 000 
80. North Magnetawan River near Burk's Falls, O2EA005 129 3 300 
81. North Muskoka River at Port Sydney, 02EB004 537 5 710 
82. North Muskoka River near Port Sydney, 02EB007 555 5 870 
83. North Thames at London, 02GD007 657 27 000 
84. North Thames at St. Marys, 02GD005 416 20 000 
85. North Thames below Fanshawe Dam, 02GD003 560 20 600 
86. North Thames near Mitchell, 02GD014 123 9 570 
87. North Thames near Thorndale, 02GD015 518 19 600 
88. Northwest Ganaraska River near Osaca, 02HD004 15 705 
89. Nottawasaga River near Baxter, 02ED003 456 9 430 
90. Oakville Creek at Milton, 02HB005 38 550 
91. Parkhill Qeek near ParkhiU, 02FF003 48 3 310 
92. Petawawa River near Petawawa, 02KB001 1590 14 000 
93. Raisin River near Williamstown, 02MC001 150 4 640 
94. Rideau River at Ottawa, 02LA004 1490 19 000 
95. Rocky Saugeen River near Traverston, 02FC004 96 1 330 
96. Rogers Qeek at Norval, 02HB008 49 588 
97. Rouge River near Markham, 02HC022 72 1 230 
98. Salmon River near Shannonville, 02HM003 344 3 680 
99. Sauble River at Sauble FaUs, 02FA001 358 6 090 

100. Saugeen River near Port Elgin, 02FC001 1570 31 600 
101. Saugeen River near Walkerton, 02FC002 850 22 600 
102. Severn River at Swift Rapids, 02EC003 2260 9 720 
103. Skootamatta River near Actinolite, 02HL004 275 2 660 
104. Soper Qeek at Bowmanville, 02HD007 30 743 
105. South Muskoka River at BaysviUe, 02EB008 535 4 440 
106. South Muskoka River at Black Bridge, 02EB002 668 5 080 
107. South Muskoka River at Mathias, 02EB003 660 4 080 
108. South Nation River at Chesterville, 02LB009 404 9 820 
109. South Nation River at Spencerville, 02LB007 95 3 590 
110. South Nation River near Plantagenet Springs, 02LB005 1470 42 100 
111.. Speed River at Hespeler, 02GA008 273 4 720 
112. Speed River below Guelph, 02GA015 229 4 590 
113. Spencer Qeek at Dundas Crossing, 02HB010 64 1 030 
114. Sydenham River at Alvinston, 02GG002 283 6 680 
115. Sydenham River near Owen Sound, 02FB007 70 2 390 
116. Thames River at Byron, 02GE002 1200 42 400 
117. Thames River at Ingersoll, 02GD016 200 5 050 
118. Thames River at Thamesville, 02GE003 1660 38 500 
119. Thames River at Woodstock, 02GD012 98 4 260 
120. Thames River near Ealing, 02GD001 519 22 200 
121. Thames River near higersoll, 02GD006 214 4 960 
122. Trent River at Healy FaUs, 02HK002 3510 20 000 
123. Trout Creek near St. Marys, 02GD009 54 3 180 
124. Twenty Mile Qeek at BaUs FaUs, 02HA006 113 4 580 
125. Welland River at Merritts Church, 02HA007 87 3 400 
126. West Humber River near Thistletown, 02HC008 79 2 250 
127. Wye Qeek near Thorndale, 02GD013 15 1 020 
128. York River near Bancroft, 02KD002 323 3 760 
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CHAPTER 4 

Results and Discussion 

SINGLE-STATION ANALYSES 

Flood frequency analyses using five theoretical fre
quency distributions have been presented for 129 
gauging stations with 10 or more years of recorded 
maximum mean daily flows. Approximately 55% of the 
gauging stations had periods of record of 10 to 20 years, 
27% had 21 to 30 years and 18% had 31 or more years. 
The longest period of record was 58 years. 

Almost 60% of the records were affected by artificial 
regulation, mostly by small mill, water-supply and 
conservation dams. For many of these records, the effect 
on the flood series was small because of either limited 
storage capacity or mode of operation of the structure. To 
identify the effect of regulation, the subjective classifica
tion of the records into categories A, B and C was devised. 
Having a significant amount of artificial storage, the 
stations in category C were considered to be affected by 
regulation from the viewpoint of flood frequency analysis. 
Stations with less than 10 years of record were not 
included in the classification. 

For purposes of design, instantaneous peak flow is 
generally of more concern than mean daily values. 
However, since recording gauges were not installed until 
comparatively recently, sufficient maximum instanta
neous peaks were not available. For unregulated stations 
with 5 or more years of instantaneous peak flows, the 
relationship between the ratio of the instantaneous peak 
to mean daily flow versus drainage area was studied. The 
use of Fuller's (1914) formula, as shown on Figure 10, 
appeared applicable to the study area for the determina
tion of a corresponding instantaneous peak flow. This 
curve is an average relation. More conservative results 
could be obtained with the use of the modified curve 
shown on Figure 11. 

Table 11. Distribution of the Coefficient of Variation (v̂ )̂ of 
Flood Flows 

Interval Q 2-0.3 0.3-0.4 0.4-0.5 0.5-0.6 0.6-0.7 >0.7 
ofv^ 

Percent 10.0 32.3 23.1 17.7 9.2 7.7 

The coefficient of variation (vj is an index of the 
variability of the data. The distribution of the coefficient of 
variation for the flood series analyzed is contained in 
Table 11. Minimum and maximum values are 0.23 and 
1.16, respectively. The least variable streams in terms of 
the annual flood series were those on the Canadian 
Shield, where the coefficients of variation were invariably 
less than 0.4. The range of v̂  for the rivers in eastern 
Ontario was 0.35 to 0.45. For most of southern Ontario 
south of the Shield, the distribution noted in Table 1 1 
was typical. Areas of predominantly clay soils, however, 
tend to be more variable and v̂  may exceed 0.7. The Lake 
Erie and Lake Ontario tributaries were the most variable. 
For each of the two regions, the maximum v, was greater 
than 1.0. 

Most of the series of flood flows analyzed were 
positively skewed. The distribution of the coefficient of 
skewness is given in Table 12. The values ranged from 
-1.2 to 4.1. Negative skewness was observed mainly in 
the cases of regulated data. For the natural flow series, 
negative skews were rare, with no discernible regional 
pattern except for the streams in eastern Ontario, where 
very small positive, or negative, skews predominated. A 
greater distribution of larger positive skews was noted for 
the tributary streams of Lakes Erie and Ontario. No further 
regional variation of skew was apparent. 

Table 12. Distribution of the Coefficient of Skew (g^) of Flood 
Flows 

Interval 0.0-0.5 0.5-1.0 1.0-1.5 1.5-2.0 >2.0 
ofgx 

Percent 18.5 23.9 33.1 13.8 6.9 3.8 

In most cases, the skewness of the logarithms of the 
data was negative. A positive coefficient of skew was 
obtained for approximately 22% of the log series. The 
rivers on the north shores of Lakes Erie and Ontario 
showed a greater incidence of positive skewness of the 
log-transformed data. 

There is no standard method of comparing the merits 
of one distribution with another. In the central part of the 
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frequency curve, all distributions gave similar results. 
However, the divergence at small probabilities was quite 
substantial. In some instances, the difference between 
the low and high estimate was 10 times. 

The percentage distribution of the relative position of 
the ordered magnitude of flood estimates by the various 
distributions is given in Table 13. The highest estimate 
was assigned the value 1 and the lowest estimate, 5. 
Estimates at the 10 000-year return period were 
considered but the distribution remained virtually un
changed at the 10-year return period. For interpretation 
of the results, it should be noted that the estimates were 
usually not evenly distributed within the range and, in 
some cases, the ranking was arbitrary because of a small 
difference between estimates. However, some obser
vations regarding the fitting of the various distributions 
can be made. 

Table 13. Percentage Distribution of Ranked Flood Estimates by 
Various Distributions at 10 000-year Return Period 

Per cent in each rank 

Distribution 1 2 3 4 5 

Gumbel 11 41 12 22 14 
Pearson III 0 8 15 42 35 
Log-Pearson III 19 17 23 14 27 
Log-normal 63 26 9 1 1 
Three-parameter 

log-normal 7 8 41 21 23 

Since the logarithms of the data were usually neg
atively skewed, the log-normal distribution, which 
assumes skewness of the logarithms equal to zero, 
generally gave the highest flood estimates. This 
was noted approximately 63% of the time. The log-
Pearson III gave the highest estimate for approximately 
19% of the series analyzed, and in all instances, the 
skewness of the logarithms of the data was positive. 

The lower bound of the range of estimates was given 
by the Pearson III or log-Pearson III distribution for more 
than 60% of the time and reflects the occurrence of a 
small, or negative, skew of the original data series, or of 
the logarithms. This shows the effect of the skewness 
parameters on the results of these two distributions. For 
cases of large negative skew of the logarithms, it was 
noted that the maximum flood of record was close to, or 
on occasion exceeded, the estimate at the 10 000-year 
return period for the log-Pearson III distribution. There
fore, greater judgment should be exercised in the 
application of the results of this distribution. Pearson III 
estimates were generally low, giving the lowest or 
second-lowest estimates in approximately 77% of the 

cases. The Gumbel distribution tended to yield estimates 
towards either the high or low end of the range. The 
Gumbel distribution assumes a skewness of 1.139. As 
shown in Table 12, 75.5% of the time the skewness was 
less than 1.0, and only 1 3.8% of the time in the interval 
from 1.0 to 1.5. Flood estimates calculated by the three-
parameter log-normal distribution occupied the middle to 
lower half of the range. In approximately 23% of the 
cases, the three-parameter log-normal distribution gave 
the lowest estimate. This usually occurred when the skew 
was close to zero, indicating that the data were more 
normally distributed. The median was often very close to 
the mean, and Equation 6, used to calculate the 
parameter " a " , is sensitive to this condition. As stated 
previously, the median was then set to 0.99 of the mean. 
However, a relatively large negative value of " a " 
generally resulted, and hence influenced the frequency 
estimates towards the lower part of the range. 

Difficulty in fitting the flood series was encountered 
for the north-shore tributaries of Lakes Erie and Ontario. 
In many instances, the plotted data did not produce a 
smooth curve and did not appear to fit any distribution. 
The spread of the data from low to high floods was 
unusually large. The large coefficients of variation and 
skewness observed for the original data and the positive 
skewness of the logarithms were the effects of the few 
large floods contained in the samples. Significant sam
pling and measurement errors were a major consideration 
because of the relatively short periods of record in these 
regions. 

For the most part, comparative results were obtained 
by the three-parameter log-normal distribution. The 
reduced variate (x - a), which should be a straight line on 
log-normal probability paper, was plotted as a check and 
found to give a straight line in every case. The reduced 
variate was omitted from the frequency plots presented in 
Chapter 2. As another check on the results, the mean was 
calculated by the method of moments (Equation 14) and 
excellent agreement with the sample mean was noted. 
The three-parameter log-normal distribution is a general 
skew distribution and the Gumbel distribution is a special 
case. Any straight line on Gumbel paper can be trans
formed into a straight line on log-normal probability 
paper by the three-parameter log-normal distribution. In 
a recent report Kite (1 976), on the basis of least standard 
error and three goodness-of-fit tests, concluded that the 
three-parameter log-normal distribution was the best-
fitting distribution for data for the St. Mary's River at 
Stillwater, Nova Scotia. Thus it is suggested that the 
three-parameter log-normal distribution is applicable for 
flood frequency analysis of the streams in southern 
Ontario. 
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For parameter estimation, the method of maximum 
likelihood is considered statistically most efficient. The 
method has not been widely used because of difficulties 
in computation. Concurrent with this study, a computer 
program was developed to solve the maximum likelihood 
estimator for the parameter " a " using the Newton-
Raphson numerical technique. A comprehensive study of 
fitting the three-parameter log-normal distribution by 
maximum likelihood to annual flood series has not been 
completed, but some preliminary comments can be 
made. For a stable, long-term flood series, such as the 
example given in Table 2 for Credit River near Cataract 
with 56 years of data, flood frequency estimates by the 
three fitting methods are in excellent agreement. How
ever, the coefficient of skewness of the log(x - a) series by 
the method of maximum likelihood is closer to zero than 
by the other methods. In theory, the skewness of the 
log(x - a) series is zero and this provides a subjective 
criterion of fit for the distribution. Comparable results 
were obtained by both the median and moment methods, 
although the moment method requires the use of the 
coefficient of skewness. 

The Humber River at Weston (Table 3) is also worthy 
of discussion. A large outlier, the result of the Hurricane 
Hazel flood of 1954, is contained in the 26 years of 
record. This one high flood has affected the fitting by all 
three methods. The median method is the least affected 
by a large value in the sample. However, the skew 
coefficient of the log(x - a) series is closer to zero for the 
maximum likelihood fit, and therefore the use of the 
method of maximum likelihood is suggested for parame
ter estimation. For the sample stations analyzed, a 
solution by the method of maximum likelihood was not 
always obtained. This was noticed for samples with a 
small positive, or negative skew. A solution was always 
obtained by the median method, and this method can be 
applied without the use of computers. Therefore, the 
method of maximum likelihood may be preferable, 
although conditions may exist where other methods of 
parameter estimation should be employed. 

REGIONAL FLOOD FREQUENCY ANALYSIS 

A major component of regional flood frequency 
analysis is the selection of regions with similar flood 
frequency characteristics. The delineation of regions was 
based mainly on physiography and soil characteristics. 
Climatic conditions, land use and mean annual flood data 
were also considered. As far as possible, the main 
drainage basin boundaries were maintained. Judgment 
also played an important role in the selection of regions. 
In total, nine flood frequency regions were delineated. In 
nature, the boundaries between these regions are not as 

sharply defined hydrologically as indicated on Figure 
143. Physical and climatic characteristics often form a 
gradual transition from one region to another. 

Ideally, a large number of representative long-term 
gauging stations of a range of drainage areas is desirable 
for a regional flood frequency analysis. In southern 
Ontario, the distribution of gauging stations is not 
uniform and long-term gauging stations are few. A 
relatively small amount of data was available for eastern 
Ontario, the clay plains of the St. Clair and Niagara 
regions and the Trent-Severn Region. Consequently, the 
results lack the degree of confidence available from a 
larger number of gauging stations. 

The range of drainage areas was also limited because 
of the lack of data. In particular, there was a lack of data 
from small drainage areas of approximately 10 to 20 mi^ 
in some regions. Small streams tend to be more flashy. In 
Region 1, there were no data of more than 10 years 
duration for drainage areas less than 129 mi^. The 
relationships for this region have been determined for 
rivers with substantial natural storage and the results may 
not be typical for small streams having no natural 
retention. Similarly, in Region 2 the data represented a 
range of drainage areas of only 1 50 to 404 mi^. 

The mean annual flood (MAF) was found to be quite 
variable. In units of cubic feet per second per square mile 
(CSM), the lowest flood potential existed on the Canadian 
Shield and ranged from 4.5 to 15 CSM for the sizes of 
drainage areas considered. In the St. Lawrence Lowlands, 
the MAF varied from 15 to 22 CSM. For the rest of 
southern Ontario, the MAF varied from 9 to 32 CSM. In 
Regions 3 and 9, the MAF's ranged from 9 to 1 3 and 
from 10 to 16 CSM, respectively, and were representa
tive of more permeable drainage areas. The regions of 
clay plains. Lake St. Clair, the Niagara Peninsula and 
parts of the Thames and Grand basins, gave values from 
15 to 32 CSM. The north shores of Lakes Erie and 
Ontario (Regions 6 and 8) were somewhat similar with 
respect to the MAF. These regions contain small and 
permeable basins. For the most part, the MAF ranged 
from 7 to 1 5 CSM. However, values up to 32 CSM were 
calculated because of the influence of an outlier or a few 
high floods. 

A straight line was drawn by eye to indicate the 
variation of MAF with drainage area. However, a large 
dispersion of the data was noted in .certain regions. 
Maximum and minimum bounds were then drawn, 
parallel to the average curve. The regions were relatively 
small and stream gradients were of the same order. As a 
result of their size, climatic parameters did not vary 
greatly within the regions. The spread of the data can 
probably be accounted for by the variability of the 
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Pleistocene deposits. This was well shown in Region 6, 
the Lake Erie Region, part of which is a permeable sand 
plain that supports extensive tobacco farming. The rest of 
the region is clay moraines or clay plain. This differentia
tion in permeability due to variation of surficial soils is 
very common in the complex of deposits in southern 
Ontario. Other factors may have affected the MAF's in 
Regions 6 and 8. Snowmelt is usually early and gradual 
because of the southerly positions of the regions. Most 
spring rainfalls on the permeable basins produce rela
tively small floods. Heavy rainfall at greater return periods 
on saturated soil, snow and/or frozen ground results in 
large floods. The irregular plotting of the sample data in 
these regions may have been due to the nature of the 
spring melt and the distribution of precipitation. 

For the regions with maximum and minimum bounds 
on the relationship for MAF, there is a range of possible 
values. The ungauged area should be compared with a 
gauged area of similar size and similar physiographic and 
soil characteristics, and a comparable value for the MAF 
should be chosen. If no gauged basin of similar size is 
available, it is suggested that the nearest gauged basin of 
similar physical and hydrologic characteristics be used. A 
line can then be drawn through the MAF of the gauged 
area parallel to the presented relationships for the region 
and the MAF for the ungauged area obtained from this 
line. Judgment will be required for the extrapolation or 
interpolation of the value of the MAF where the range of 
drainage areas used in the determination of regional 
relationships is limited. 

The exponent ij and constant C that express the 
variation of MAF with drainage area are contained in 
Table 8. The TJ determined ranged from 0.67 to 0.97. 
The exponent was less than 0.9 for only two regions, the 
Canadian Shield and the St. Lawrence Lowlands. Expo
nents for prairie streams varied between 0.65 and 0.75 
as determined by Durrant and Blackwell (1959). In a 
study of coastal basins in California, Cruff and Rantz 
(1 965) developed a family of curves with an exponent of 
0.91 and a variable C related to precipitation. In the 
present study, the relatively low value of the exponent 
(0.67) for Region 1 is related to the large amount of 
natural lake storage. The exponent for Region 2 (0.76), 
eastern Ontario, was also relatively low. Although more 
data are required to confirm this relationship, the results 
appear reasonable. The extensive clay plains and cleared 
farmlands yield the largest MAF's in the study area. 
There is a large amount of valley storage as a result of the 
morphological nature of the streams in this region. The 
floodplains are flat and wide. The effect of natural valley 
retention would attenuate the flood peak during its 
downstream travel. This probably accounts for the low 
slope of the plot of MAF against drainage area. The low 

skews, and negative skews, calculated for the streams in 
this region, may be the result of this valley storage. 

For the Coast Ranges region in southern California, 
Cruff and Rantz (1 965) reported a value of 1 30 for the 
coefficient C. Annual precipitation in this area of 
California is in the range of 40 to 80 in. In the study area, 
the constant varied from 15 to 66, indicating more 
moderate precipitation. 

The use of the ratio (y) of the MAF to mean annual 
runoff (MAR) was investigated to determine if the MAR 
had some influence on the variation of the MAF in 
southern Ontario. For use in the ratio, the MAR was 
determined for the gauging stations used in the regional 
analysis. The MAR was converted to inches and, al
though no base period of record was used, quite good 
agreement with the runoff shown for southern Ontario on 
Figure 1 42 and the recorded data was noted. 

The ratio y was then plotted against drainage area for 
each region. Comparatively good results were obtained 
for Region 1, the Canadian Shield. Some evidence of a 
relationship was noted for Regions 3, 4, 5, 8 and 9, most 
of southwestern Ontario and the Lake Ontario and Trent-
Severn regions. Because of the amount of scatter or lack 
of data, the straight-line relationships presented gave 
only a general indication of the variation of y with 
drainage area. For the remaining regions. Lake Erie and 
Niagara, no relationships were obtained. This shows that 
other physiographic or meteorologie parameters exert a 
controlling influence over a major portion of southern 
Ontario. 

The smallest ratios, varying from 4 to 14, were 
calculated for the Canadian Shield. South of the Shield, 
the ratios ranged from approximately 8 to 34, with most 
falling between 14 and 28. Lower values in the range 
from 9 to 12 occurred in Region 3, the Saugeen-
Nottawasaga System. This region has high runoff due to 
high precipitation, but the MAF's are comparatively low 
because of the high permeability. High ratios in the range 
of 20 to 30 were observed in the regions of clay plains 
such as the Lake St. Clair Region and Niagara Region. 
High and low values were noted for the basins on the 
north shores of Lakes Erie and Ontario. This is accounted 
for by the great variability in the estimation of the MAF's 
in these regions. 

More consistent results were obtained for the ratio of 
MAF to MAR versus drainage area for the Canadian 
Shield. This region is the most uniform with respect to 
soils and physiography. With the effect of physical 
parameters constant, annual precipitation would have a 
large influence on the annual flood and runoff. The 

313 



greatest variation in precipitation in southern Ontario is 
observed in this region. This shows that in regions where 
annual precipitation, and therefore annual runoff, are the 
major variables affecting the MAF, the use of this ratio 
can provide useful results. 

The regional frequency curves giving the ratio of 
estimate to the MAF were plotted on arithmetic probabil
ity paper and all show upward curvature of varying 
steepness. The least steep dimensionless curves were 
obtained for the Canadian Shield and St. Lawrence 
Lowlands regions (Regions 1 and 2). These results are 
attributed to the various types of natural storage on the 
rivers of the regions and the relatively large MAF's used 
for the determination of the ratios. The regional frequency 
curves for the Saugeen-Nottawasaga and Trent-Severn 
regions (3 and 9) are similar and could be considered 
typical of the more permeable areas south of the 
Canadian Shield. The Maitland, Thames and Grand 
basins (Region 4) contain relatively more impermeable 
soils, cleared farmland and urban areas than other 
regions and this is reflected in a more steeply rising 
regional frequency curve. Large dimensionless ratios 
were derived for the Lake Erie Region (6) because of low 
MAF's. The nature of the snowmelt and the distribution 
of storm rainfall also affect the flood frequency distri
bution. The Lake Ontario Region (8) is similar, although 
the average dimensionless curve is not as steep. A steep 
curve was also noted for the St. Clair Region (5). There 
were only three stations in this region and the individual 
ratios for one station were comparatively low. However, 

large ratios would be expected, as most of the region is 
covered with clay soils. The frequency curve for the 
Niagara Region (7) is also not well defined. The ratios 
appear low for a southerly region of clay soils, although 
the individual dimensionless ratios for the three sample 
stations agree well. 

The envelope curve for maximum mean daily floods, 
given by Equation 21 and shown on Figure 170, was 
drawn with the maximum weight given to the data for the 
larger drainage areas. This has resulted in the overesti
mation of maximum floods for smaller drainage areas. In 
practice, this should be considered. No attempt was made 
to draw a curve enveloping all the points. Long-term data 
for small basins are rather limited and extreme floods may 
not have been recorded. For these reasons, the envelope 
curve shown for small areas was purposely kept on the 
conservative side. Specific maximum discharges (CSM) 
obtained from the envelope curve, approximately 250 
CSM at 10 mi2 and 134 CSM at 50 mi^, are within the 
range of possible maximum floods for the study area. 

The envelope curve is used mainly for maximum 
spring floods. One point. No. 48, plots above the line. 
This point represents the hurricane precipitation of 1954 
centered over the Humber River basin. For comparison, 
the envelope curve for maximum observed mean daily 
floods produced by snowmelt, high intensity rainfall and 
hurricane precipitation as given by Lorant (1973) is 

= 1 8 4 . 2 A ° ^ ^ . This curve yields more conserva
tive results for large basins than for the small basins. 
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CHAPTER 5 

Summary and Conclusions 

Flood frequencies for 129 gauging stations in south
ern Ontario have been analyzed using five theoretical 
frequency distributions: the extreme value type I or 
Gumbel, Pearson type III, log-Pearson type III, log-
normal and three-parameter log-normal. Maximum 
mean daily flows for 10 to 58 years duration have been 
used in these analyses. 

The Fuller formula has been found to be applicable for 
the estimation of instantaneous peak flows from the 
mean daily flows. A more conservative estimate 
can be obtained with the use of the modified formula 
Qp = Q,(1 + 6 A - 0 3 ) . 

A large range of variability of flood flows, as expressed 
by the coefficient of variation, was noted for the rivers of 
the study region. The observed range for the coefficient of 
variation was from 0.23 to 1.1 6. 

Most annual flood distributions were positively 
skewed. The coefficient of skewness ranged from -1.2 to 
4.1. For the logarithms of the data, the skewness 
coefficient was negative approximately 80% of the time. 

There is a lack of agreement among hydrologists as to 
which distribution is the most reliable for flood frequency 
analysis. No rigorous tests of fit were performed for the 
five theoretical distributions used in the study, and 
therefore no one distribution can be recommended as 
best. However, the results permit some general com
ments regarding the applicability of the various distri
butions for flood frequency analysis of southern Ontario 
rivers. 

The log-normal distribution generally gave high 
estimates, because in most cases the skewness of the 
logarithms of the data was negative. The Gumbel 
distribution assumes a fixed skewness of 1.139 and 
rarely did this agree with the skewness calculated for the 
original data. The results of the Pearson III and log-
Pearson III were greatly influenced by the skewness 
parameter. In cases where the skewness of the logarithms 
was highly negative, flood frequency estimates by the 

log-Pearson III distribution were unusually low. Gener
ally, comparable results were obtained with the use of the 
three-parameter log-normal distribution. 

For a regional flood frequency analysis, nine regions 
have been delineated. A relationship between the mean 
annual flood (MAF) and drainage area was determined 
graphically for each region. Also, dimensionless fre
quency curves based on the three-parameter log-normal 
distribution giving the ratio of estimate to the MAF were 
prepared. 

The areal variability of the surficial soils and physiog
raphy caused some difficulty in the selection of regional 
boundaries. These factors have a major effect on the 
magnitude and variability of the MAF. Large differences 
were observed in the magnitude of the MAF, even 
between adjacent basins. The specific MAF was found to 
vary from 32 GSM on the smaller basins, to 4.5 GSM on 
the large basins of the Canadian Shield. 

The MAF can be expressed as C A ^ . The constant C 
varied from 14 to 66, and the slope 17, from 0.667 to 
0.973. 

No strong regional relationships for y, the ratio of the 
MAF to MAR, versus drainage were observed except in 
the Canadian Shield Region. The ratio varied from 4 to 
34, with the lower values observed on the Shield. The 
variability in estimation of the MAF would account for the 
wide range observed for the ratio y. Average regional 
values of y may be used for an approximate estimate of 
the MAF if the MAR is known at an ungauged site. More 
consistent results would be obtained for regions of 
variable runoff if the regions had greater homogeneity 
with respect to physiographic and soil characteristics. 

An envelope curve determined for maximum mean 
daily floods is expressed as Q „ 3 , > = 6 0 6 A ° ^ ' ^ Predicted 
maximum floods for large drainage areas appear to be 
reasonable, although maximum floods for small drainage 
areas may be overestimated. 
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APPENDIX 1 

Data Listing 

Alphanumeric Station Number Index 

02EA005 North Magnetawan River near Burks Falls 
02EA006 Magnetawan River near Burks Falls 
02EA008 Magnetawan River at Maple Island 
02EB002 South Muskoka River at Black Bridge 
02EB003 South Muskoka River at Mathias 
02EB004 North Muskoka River at Port Sydney 
02EB005 Muskoka River near Bala 
02EB006 Muskoka River below Bala 
02EB007 North Muskoka River near Port Sydney 
02EB008 South Muskoka River at Baysville 
02EC002 Black River near Washago 
02EC003 Severn River at Swift Rapids 
02ED003 Nottawasaga River near Baxter 
02ED005 Mad River near Glencairn 
02FA001 Sauble River at Sauble Falls 
02FB001 Beaver River above Eugenia Powerhouse 
02FB003 Beaver River near Kimberley 
02FB007 Sydenham River near Owen Sound 
02FB009 Beaver River near Clarksburg 
02FB010 Bighead River near Meaford 
02FC001 Saugeen River near Port Elgin 
02FC002 Saugeen River near Walkerton 
02FC004 Rocky Saugeen River near Traverston 
02FC011 Carrick Creek near Carlsruhe 
02FE002 Maitland River below Wingham 
02FE003 Middle Maitland River near Listowel 
02FE004 Maitland River near Donnybrook 
02FE005 Maitland River above Wingham 
02FF002 Ausable River near Springbank 
02FF003 Parkhill Creek near Parkhill 
02FF004 South Parkhill Creek near Parkhill 
02FF007 Bayfield River near Varna 
02GA001 Grand River at Belwood 
02GA002 Grand River at Conestogo 
02GA003 Grand River at Gait 
02GA008 Speed River at Hespeler 
02GA010 Nith River near Canning 
02GA013 Conestogo River near Conestogo 
02GA015 Speed River below Guelph 
02GA016 Grand River below Shand Dam 
02GA017 Conestogo River at Drayton 
02GA018 Nith River at New Hamburg 
02GA021 Lutteral Creek near Oustic 

02GA022 Grand River at Waldemar 
02GA023 Canagagigue Creek near Elmira 
02GA024 Laurel Creek at Waterloo 
02GA028 Conestogo River at Glen Allan 
02GA029 Eramosa River above Guelph 
02GB001 Grand River at Brantford 
02GB002 Grand River at York 
02GB006 Horner Creek near Princeton 
02GB007 Fairchild Creek near Brantford 
02GB008 Horner Creek near Mount Vernon 
02GB009 Kenny Creek near Burford 
02GB010 McKenzie Creek near Caledonia 
02GB011 Mount Pleasant Creek near Burtch 
02GC002 Kettle Creek at St. Thomas 
02GC004 Big Otter Creek near Vienna 
02GC005 North Creek at Delhi 
02GC006 Big Creek near Delhi 
02GC007 Big Creek near Walsingham 
02GC008 Lynn River at Simcoe 
02GC010 Big Otter Creek at Tillsonburg 
02GC011 Big Creek near Kelvin 
02GC012 Patterson Creek near Simcoe 
02GC013 Dedrich Creek near Port Rowan 
02GC014 Young Creek near Vittoria 
02GC015 Little Otter Creek near Straffordville 
02GC016 South Otter Creek near Port Burwell 
02GC017 Big Otter Creek above Otterville 
02GC018 Catfish Creek near Sparta 
02GC021 Venison Creek near Walsingham 
02GD001 Thames River near Ealing 
02GD003 North Thames River below Fanshawe Dam 
02GD004 Middle Thames River at Thamesford 
02GD005 North Thames River at St. Mary's 
02GD006 Thames River near Ingersoll 
02GD007 North Thames River at London 
02GD008 Medway River at London 
02GD009 Trout Creek near St. Mary's 
02GD010 Fish Creek near Prospect Hill 
02GD011 Cedar Creek at Woodstock 
02GD012 Thames River at Woodstock 
02GD013 Wye Creek near Thorndale 
02GD014 North Thames River near Mitchell 
02GD015 North Thames River near Thorndale 
02GD016 Thames River at Ingersoll 
02GD019 Trout Creek near Fairview 
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02GD020 Waubuno Creek near Dorchester 02HC032 
02GE002 Thames River at Byron 02HC033 
02GE003 Thames River at Thamesville 02HD002 
02GE005 Dingman Creek at Lambeth 02HD003 
02GG002 Sydenham River at Alvinston 02HD004 
02GG004 Bear Creek above Wilkesport 02HD006 
02GG005 Sydenham River at Strathroy 02HD007 
02GG006 Bear Creek near Petrolia 02HD008 
02HA006 Twenty Mile Creek at Balls Falls 02HD009 
02HA007 Welland River at Merritts Church 02HD010 
02HB001 Credit River near Cataract 02HF002 
02HB002 Credit River at Erindale 02HK002 
02HB004 East Oakville Creek near Omagh 02HK003 
02HB005 Oakville Creek at Milton 02HL001 
02HB008 Rogers Creek at Norval 02HL003 
02HB010 Spencer Creek at Dwndas Crossing 02HL004 
02HB012 Grindstone Creek near Aldershot 02HL005 
02HC002 Etobicoke Creek near Summerville 02HM001 
02HC003 Humber River at Weston 02HM002 
02HC004 Little Don River near Lansing 02HM003 
02HC005 Don River at York Mills 02HM004 
02HC006 Duffin Creek at Pickering 02JE014 
02HC008 West Humber River near Thistletown 02KA002 
02HC009 East Humber River near Pine Grove 02KB001 
02HC011 Humber River at Woodbridge 02KC009 
02HC012 Humber River near Cedar Mills 02KD001 
02HC013 Highland Creek near West Hill 02KD002 
02HC017 Etobicoke Creek at Brampton 02KD004 
02HC018 Lynde Creek near Whitby 02KD006 
02HC019 Duffin Creek below Arthur Percy Dam 02KE002 
02HC022 Rouge River near Markham 02KE005 
02HC023 Cold Creek near Bolton 02KF006 
02HC024 Don River at Todmorden 02KF007 
02HC025 Humber River at Elder Mills 02LA004 
02HC026 West Duffin Creek at Green River 02LB005 
02HC027 Black Creek at Scarlett Road 
02HC028 Little Rouge Creek near Locust Hill 02LB006 
02HC029 Little Don River at Don Mills 02LB007 
02HC030 Etobicoke Creek below Queen Elizabeth 02LB008 

Highway 02LB009 
02HC031 West Humber River at Highway No. 7 02MC001 

East Humber River at Humber Trails 
Mimico Creek at Islington 
Ganaraska River near Dale 
Ganaraska River near Osaca 
North west Ganaraska River near Osaca 
Bowmanville Creek at Bowmanville 
Soper Creek at Bowmanville 
Oshawa Creek at Oshawa 
Wilmot Creek near Newcastle 
Shelter Valley Brook near Grafton 
Gull River at Norland 
Trent River at Healey Falls 
Crowe River at Marmora 
Moira River near Foxboro 
Black River near Actinolite 
Skootamatta River near" Actinolite 
Moira River near Deloro 
Napanee River near Napanee 
Depot Creek at Bellrock 
Salmon River near Shannonville 
Wilton Creek near Napanee 
Mattawa River near Rutherglen 
Ottawa River at Des Joachims 
Petawawa River near Petawawa 
Bonnechere River near Castleford 
Madawaska River at Madawaska 
York River near Bancroft 
Madawaska River at Palmer Rapids 
Madawaska River at Whitney 
Madawaska River near Arnprior 
Madawaska River at Stewartville 
Mississippi River at Appleton 
Mississippi River at Ragged Chute 
Rideau River at Ottawa 
South Nation River near Plantagenet 
Springs 
Castor River at Russell 
South Nation River at Spencerville 
Bear Brook near Bourget 
South Nation River at Chesterville 
Raisin River near Williamstown 
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The data for the following stations were abstracted up to 1974 to enable the development of regional flood frequency 
relationships for Region 9. 

02EC009 Holland River at Holland Landing 
02EC010 Schomberg River near Schomberg 
02EC011 Beaverton River near Beaverton 
02ED007 Coldwater River at Coldwater 
02HJ001 Jacksons Creek at Peterborough 

Annual Maximum Mean Daily Flow (cfs) 

02EC009 02EC010 02EC011 02E0007 02HJ001 

1963 — — — _ 520 
1964 - — — 430 
1965 - — 646 
1966 478 622 521 
1967 471 193 768 566 1010 
1968 466 250 1500 688 960 
1969 530 205 1460 825 1230 
1970 423 125 965 659 341 
1971 657 172 1270 762 561 
1972 1060 323 1580 1030 618 
1973 560 149 1320 747 481 
1974 1110 260 2000 924 479 
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00 ANNUAL MAXIMUM MEAN C41LY FLOW CPS 

0 2 F A a 0 5 02Fft006 02EA008 02FBn02 b2EB003 02EnOOi» 02E9005 02EB006 02FB007 02EB008 02FC002 02FC003 02EOOn3 02FO00! 
A a C c C C C C C c A c 

I91<t - - - - - - - - - - - - - -1915 - - 3720 - - - - - - - - - -1916 1100 1670 - 1.1.7 0 - - - - - - (.930 - - -1917 li»90 1890 - 351.0 - - - - - - (.350 - - -1918 1080 1280 - 2860 - - - - - - 515 0 - - -1919 910 1390 - 3250 - - - - - - 1.500 - - -1920 lljl.0 moo - 2290 - - - - - - (.86 0 - - -1921 1790 2l«90 - 1.770 - - - - - - 1.980 - - -1922 2 76 0 2930 - 1.8 30 - - - - - - 5880 - - -1923 2 26 0 2620 - 31.90 - - - - - - 531.0 - - -1921. 15<.0 1110 - 3710 - - 7030 - - - 3560 - - -1925 1280 1370 - 3070 - - 7930 - - - 1.560 - - -1926 1770 2250 - 3150 - - 9000 - - - 1.580 - - -1927 870 815 - 2290 - - 6410 - - - 291.0 - - -1928 3300 3770 - 5080 - - 13000 - - - 8080 - - -
1929 2310 30U0 - 1.270 - - 11600 - - - 536 0 - - -1930 121.0 13i.O - - 2570 - 71.00 - - - 3720 - - -1931 780 975 - - 11.1.0 - 6630 - - - 2780 - - -1932 1210 1350 - - 3030 - 7570 - - - 377 0 - - -1933 1770 2230 - - 3330 - 969 0 - - - 3100 - - -193<» 1510 1690 - 2510 3830 771.0 - - - 3890 - - -1935 775 q<.5 - - 2590 2610 5910 - - - 3860 - - -L936 1560 1990 - - 3300 1.510 10700 - - - 1.510 - - -1937 H»30 ll»<»0 - - 3020 3710 8160 - - - 277 0 - - -L938 1910 2290 - - <.080 5120 - 11500 - - 5 87 0 - - -L939 2030 2570 - - 3580 5700 - 11000 - - 1.630 - - -19<»0 1020 1210 - - 2510 31.50 - 6690 3330 - 3610 - - -ig<»i 2030 2lilO - - 3930 5650 - 10100 5620 - 351 .0 - - -19l»2 ll»70 18«.0 - - 3000 1.100 - 9010 (.01.0 2810 3510 - - -
L9«.3 210 0 2570 - - 3930 5620 - 11900 5870 3810 5«.3fl - - -1320 1370 - - 1230 3710 - 5530 3610 830 3120 - - -126 0 1770 - 2900 U510 - 981.0 1.1.90 2500 5390 - - -
I9<f6 1090 1500 i4i»90 - 2 350 37 8 0 - 9110 371.0 1860 3960 - - -
L9I.7 2290 2790 7010 - 3800 5710 - 122B0 5780 361 .0 6510 - - -19^8 1620 1830 1.380 - 3210 1.170 - 10300 1.3 20 2750 6000 - 7 17 0 -
i9<.q 1170 1720 <.790 3060 1.020 - 10100 (.090 251.0 1.1.1.0 - 5130 -1950 788 1000 31<»0 - - 2560 - 7070 2570 2110 (.080 - 8310 -1951 1960 2910 61.1.0 - - 5710 - 13000 5780 1.080 5080 - 91.30 -1952 1670 2020 <.790 - - 1.270 - 971.0 (.(.80 2950 5080 - 2560 -1953 1500 1620 <»250 - - 1.28 0 - 8980 (.360 2630 (.280 - 2230 -1951» 1550 1790 (.800 - - 1.520 - 9680 (.530 3050 5160 8750 8 96 0 -1955 1660 20i»0 5H.0 - - *5210 - 9730 5300 3100 1.280 7880 (.160 -1956 855 990 3170 - - 531.0 - 9200 5(.20 2780 3760 7100 5 870 -1957 2000 1220 - - - 511.0 - 11300 5270 (.360 691.0 2620 -1958 771 1120 - *2160 - 5150 2170 1590 16(.0 2920 11.50 -1959 2290 2350 _ - *1.860 - 10700 1.950 3170 (.680 7300 3090 -
I960 1850 • - - 51.30 - 12000 51 .80 (.130 5320 9720 6190 -
1961 915 l lAO - - - 3690 - 81.00 3960 2000 2630 3910 2230 -1962 l l i < 0 l lbO - 292 0 - 5780 3060 1120 3780 5690 3530 -1963 136 0 1360 - - - 3660 - 8260 - 1950 (.270 6(>()0 1.560 -1961* 125 0 1220 - - - 301.0 - 1.290 - 1250 2120 IdOO 1680 783 
1965 i < » 8 a 1710 - - 1.01.0 - 7900 - 2870 1.91.0 6850 l»0(.0 1120 
1966 llf«iO 1050 - - - 359 0 - 11900 - 3250 1.520 7000 1600 600 
1967 122 0 lUSO - - - 1.030 - 101.00 - 2630 1.120 7100 2(.50 1220 
1968 1630 12'.0 - - - 31.70 - 7590 - 1650 1.160 6250 37fcO 1150 
1969 l(|<iO 1370 - - - 3610 - 9560 - 3320 1.000 6920 3(.10 1130 
1970 156 0 1670 1.550 - 8330 - 3210 1.35 0 71.1.0 2520 1570 
1971 1680 1850 - - - 5200 - 10200 - 2760 5590 8800 2780 121*0 
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ANNUAL MAXIMUM MEAN C A I L r FLOW CFS 

00 

02Fft001 02Fe001 D2F8003 02FB007 02FB009 02FB010 02FC00: 
B 9 C C B A 

1911. - - - - - - 8910 
1915 - - - - • - 6130 
1916 - - 689 - - • 19300 
1917 - - 601 - 20800 
1918 - - 695 - - 17700 
1919 - - 1.6 9 - - 18700 
1920 - - 570 - - - 19300 
1921 - 800 895 - - 16200 
1922 - 373 612 - - 15000 
1923 - 500 590 - 25600 
192<» - 1131 735 - _ 15600 
1925 - 277 51.5 9500 
1926 - 795 965 - 19000 
1927 - 339 570 - - 15800 
1928 - 630 1220 - - 20300 
1929 - 1170 1310 - - • 31600 
1930 - 1.37 51.5 - 8170 
1931 - 231 223 - 6080 
1932 - 1.76 505 - 10500 
1933 - 1.76 1.33 - - 11900 
193J» - 199 310 - 13800 
1935 - 21.5 1.82 - - 16300 
1936 - 171 295 - - - 13700 
1937 - 195 273 - - 18300 
1938 - 351 1.97 - _ 17700 
1939 - 276 391. - - - 12800 
19(>0 - 197 37 8 - - 16600 
1 9 M - 201 3Z7 - - - 17900 
19<t2 - 575 71.0 - - 28900 
19l»3 - 595 700 - 20700 
19<»<f - 173 281 - - _ 10900 
19'»5 - 1.78 1.97 - - - 17100 
191.6 - 262 550 86 0 - 17300 
19I.7 - 665 81.0 2390 - - 29800 
19«.8 - 1.07 666 2080 - - 28900 
ig<»9 - 3J.8 650 91.0 - - 16800 
1950 - 561. 893 11.6 0 - - 21.500 
1951 - 632 829 800 - - 16200 
1952 - - - 71.8 - - 13100 
1953 - - - 360 _ 931.0 
1954 - - - 1510 - - 25900 
1955 - - - 675 11900 
1956 - - - 1260 - 23600 
1957 2 970 - - 592 1090 101*0 12«.00 
1958 1960 - - 31.7 561 605 71.00 
1959 1.990 - - 918 1360 1390 18600 
1960 51.10 - - 11.20 •2100 2550 21.000 
1961 2830 - - 621 875 1280 9090 
1962 U 120 - - 120 0 1150 1750 16500 
1963 6000 - - 1330 181.0 3100 28900 
196 ' . 196 0 - - 639 630 1010 888 0 
1965 521.0 - - 1320 1990 18 0 0 21.000 
1966 5 6 0 0 - - 716 1380 2100 13100 
1967 6 09 0 - - 1110 1370 1980 22200 
1968 3 28 0 - - 11.60 2190 2230 19800 
1969 3590 - - 869 11.00 11.00 17100 
1970 1.250 - - 892 1600 1650 18800 
1971 1.280 - - 81.0 1600 1790 17300 

CO • OATS FJ^TTMATFO RY CORRFLATIOM 

02FC002 02FC001. 02FC011 02FE002 02FE003 02FE001. 02FE00! 
A B 8 B B B B 

81.50 - • - - -371.0 - - - - - -7600 520 - - - -13100 «.51 - - - - -8710 580 - - - - -9200 555 - - - -10300 690 - - - - -10500 695 • - - -7770 1.60 - - - - -9200 505 - - - -10200 520 - - - - -6710 HBU - - - -11800 750 - - - - -9790 1.71. - - - -13600 895 - - - -18200 1330 - - - - -5760 655 - • -i.660 21.3 - - - -61.70 790 - - - -7580 5«t5 - - - - -7770 1.58 - - - -8050 510 - - - - -6000 371 - - - - -6350 535 - - -13100 695 - - - -8780 510 - - - - -9270 500 - - - - -8750 - - - - - -12200 • - - - -18800 - - - • - -8280 - - - - - -12200 - - - - - -9180 - - - - 11.1.00 
22200 - - - - 21.100 -22600 - - • - 31100 -11.600 - - - - 11.1.00 -201.00 - - - - 19800 -8920 - - - - 10900 

971.0 - - - • 7990 -5220 - - 5660 1.86 5950 3660 
15100 - 1250 161.00 1220 19000 7830 

6960 - 683 101.00 810 9520 2810 
13000 - 951. 13800 1100 131.00 592 0 

6360 - 61.2 8 39 0 586 9250 5100 
3760 - 311. 1.580 221 1.170 1310 

10000 - 91.0 11.200 810 16000 6800 
11.500 - lObO 20000 1000 22100 7830 

14060 - 329 1.020 188 31.90 91.2 
8920 - 811 16900 881. 13900 3620 

13000 - 873 18700 605 16900 5300 
1.1.1.0 - 850 5230 1.11. 5090 1480 
9060 - 901. 10 800 765 9550 2900 
6780 - 600 7600 766 9 37 0 301.0 

10200 - 775 768 0 608 11.300 311.0 
7510 - 1150 11.700 1170 18500 1.990 
851.0 - 860 111.00 919 13300 3870 
9620 - 723 91.30 761 9 37 0 3300 

10800 - 711. 8900 581 8 85 0 2670 
A . B . C INCICATF STATION C i a S S I F T n A T T O N 



ANNUAL MAXIHUM MEAN OAILY FLOW CFS 

02FF002 02FF003 02FF0 04 02FF007 02GA001 02GA002 02GA003 02Gft008 02Ga010 02GA013 02Ga015 02GB016 02G&017 02GA018 
8 B 9 C C 9 B C C 9 9 

- - - • 4310 9760 11700 1780 - - - - - -1915 - - - - 2770 4930 8930 1910 - - - - - -1916 - • - - 5200 8470 19700 2990 - - - - - -1917 - - • 8760 10200 25400 3390 - - - - -1918 - - - - 6620 8430 1740 0 3260 - - - - - -1919 - - - - 77 00 10400 24200 4720 - - - - - -1920 _ - - 3860 5790 16200 2430 - - - - - -1921 - - - - 4130 7730 14200 2060 - - - - - -1922 - - - - 4900 7120 19000 3100 - - - - - -1923 _ - - 7640 8400 17600 2400 - - - - - -
192l« - • - - - - 16100 2190 - - - - - -
1925 - - - - - 16700 3480 - - - - - -1926 - - - - - - 1450 0 2520 - - - - - -1927 - - - - - 20600 3240 - - - - - -
1928 - - - - - 26800 4050 - - - - - -1929 - - - - - - 29700 - - - - - - -1930 - - - - - - 11400 - - - - - - -1931 - • - - - - 12400 - - - - - - -1932 - - - - - - 2310 0 - - - - - - -1933 - - - - - - 15500 - - - - - - -
1931. - - - - - 15200 - - - - - - -
1935 _ - • - - - 18600 - - - - - - -1936 - - - - - - 13200 - - - - - - -
1937 - - - - - 12100 - - - - - - -1938 - - - - - - 19800 - - - - - - -1939 - - - - - - 23100 - - - - - - -19«.0 - - - - 21200 - - - - - - -
1 9 M - - - - - - 13700 - - - - - - -19«.2 - - - - - 20300 - - - - - - -
1943 _ - - - - 25600 - - - - - - -1944 - - - - - - 13400 - - - - - - -1945 - - - - - 16800 - - - - - - -
1946 4 27 0 _ - - - - 18700 - - 10 000 - - - -1947 12400 _ - - - 36800 - - 14500 - - - -
1948 7710 - - - - - 37700 - 10500 20000 - - - -
1949 4940 - - - - - 23200 - 6130 11200 - - - -1950 8010 - - - - 26800 - 11600 13500 - - - 6770 
1951 2290 _ _ _ _ 18500 - 5700 8780 3000 4900 4 220 3490 
1952 4120 _ _ _ 13500 - 3900 8010 1580 3130 4340 3190 
1953 3160 _ - - - - 12600 - 3130 5170 1620 2870 1590 3390 
1954 11200 2560 - - - - 40300 - 11600 20900 4590 5920 4850 8180 
1955 4030 715 - - - - 10300 - 7110 4330 2 06 0 3740 2350 3 25 0 
1956 10 200 2100 _ _ - - 23100 - 8100 14000 3520 9720 5 54 0 6690 
1957 8830 1310 - • - - 14000 - 5030 7160 1210 3830 3 710 5 44 0 
1958 1 890 460 - - - - 394 0 - 1980 1320 550 340 395 2300 
1959 4 34 0 loeo - - - - 17300 - 6 0 00 - 2 94 0 5430 4100 5090 
1960 11200 3310 - - - - 24000 - 8760 - 2 86 0 5210 4980 7130 
1961 3820 832 - - - 6110 - 2920 - 1190 1040 1140 2180 
1962 3040 710 _ - - - l l O O O - 5910 - 1 9 « 0 2670 4300 5480 
1963 7 86 0 950 - - - - 12400 - 6590 - 2840 3340 4440 7520 
1964 2600 340 - - - - 4490 - 2560 - 87 0 717 2120 2700 
1965 7 07 0 1310 - - - 16600 - 8380 - 2760 2590 2470 5680 
1966 8 26 0 2610 280 - - - 6310 - 5360 - 1040 998 2 86 0 446 0 
1967 5 050 1650 222 41^0 - - 23200 - 7440 - 3780 4080 3480 746 0 
1968 1080 0 - 312 933 0 - - 9340 - 55 00 - 133 0 3800 3 17 0 5140 
1969 4830 - 374 3920 - - 17200 - 5860 - 1710 4760 2 85 0 5080 
1970 4230 - 326 377 0 - - 8050 - 4550 - 1400 •'460 3100 3780 
1971 4200 - 315 3240 - - 12200 - 4070 - 1530 4230 3 14 0 3030 

• r jATA F S T I M A T F D B Y C n R R E L A T I O N A . B . C I N G T C A T F S T A T I O N C L AS S I F I C O T I O N 



ANNUAL MAXIHUH MFA N CSILV FLOW CFS 

02r,A021 02r,B022 02Gfl023 02GA024 02GA028 02Ga029 0 2GB0 01 0 2r,BOOZ 02GB006 02GB0 07 02G80 08 0 2GB0 09 02G9010 02GB01i 
B 9 B C C B C c B B B 9 

1914 - - - - - - - 26000 - - - - -1915 - - - - - 11200 - - - -1916 - - - - - - - 27100 - - - - - — 

1917 - - - - - - - 29200 - - - - — 

1918 _ - - - - - - 29100 - - - - -
1919 - - - - - - 36200 - - - - - -
19Z0 _ - - - - - - 22200 - - - - -1921 - - - - - - - 23100 - - - - • 

1922 - - - - - - - 21.500 - - - - - • 

1923 - - - - - - - 19700 - - -1924 - - - - - - - - - • • — • 
1925 - - - - - - - - - - — — 

1926 - - - - - - - - - • — 

1927 - - - - - - - - - • — — • 
1928 - - - - - - - - - - — — 

1929 - - - - - - - - - — • 
193D - - - - - - - - - • • 
1931 - - - - - - - - - - — — ** 

1932 - - - - - - - - - — — • 
1933 - - - - - - - - - - — • 
1934 - - - - - - - - - - • • 
1935 - - - - - - - - - • — • 
1936 - - - - - - - - - - — — — 

1937 - - - - - - - - - - — — — 

1938 - - - - - - - - - — • • 
1939 - - - - - - - - - - — 

1940 - - - - - - - - - - — 

1941 - - - - - - - - - • — — 

1942 - - - - - - - - - - — — 

1943 - - - - - - - - - • — — — 

1944 - - - - - - - - - - • • • • 
1945 - - - - - - - - - - — — 

1946 - - - - - - - - - - — — • 
1947 - - - - - - - - - - - — — 

1948 - - - - - - 47 80 0 - - - - - • • 
1949 - - - - - 25100 - - - - - — • 
1950 _ - - - - 45100 - - - - - - • 
1951 - - - - - - 2630 0 - - - - • • 
1952 _ _ - - - - 18300 - - - - - • 
1953 2160 - - - - 14100 - - - - - — • 
1954 75 0 8310 - - - - 39000 - 1780 - - - • 

1955 25 0 4260 - - - - 22300 - 1020 - - - -
1956 1050 6200 - - - - 35100 - 1360 • • - • • 
1957 302 3930 54 3 - - - 19100 - 725 - - - • 

1958 66 1590 228 - • - 6090 - 207 - - - -
1959 508 5310 945 - - - 23100 - 1080 - • - — 

1960 366 7280 965 30 8 7600 - 37600 - 1500 - - • - • 

1961 193 3130 445 265 829 - 9160 - 972 - 37 4 147 29 0 
1962 550 5860 96 8 124 1570 695 15400 - 763 - 75 7 530 299 
1963 20 9 5720 820 340 3670 861 20900 - 1030 - 1490 480 643 • 

1964 98 346 0 369 156 874 309 7550 - 501 - 477 273 276 -
1965 _ 1010 616 2670 939 30200 - 1860 2550 227 0 1050 1 020 210 

1966 • • 419 207 1160 348 11800 - 810 1080 1150 446 550 
1967 _ _ 972 453 4870 1040 26000 1010 1190 185 0 748 575 3 5 . 4 

1968 _ 662 485 3350 71.2 13800 - 1390 2710 1910 1300 879 23U 

1969 • • 941 166 4600 613 20600 - 711 2100 1790 1500 900 27 8 

1970 _ _ 846 75 3330 483 11200 - 479 718 803 *430 383 78 

1971 _ 704 204 2530 581 15800 - 1190 1200 1420 592 900 109 1971 
• OATS FSTIMATEO BY CORRELATION A . B , C INDICATE STATinN CLASSIFICATION 



00 RNNUAL MAXIMUM MEAN CAILY FLOW CFS 

02GC002 02GC004 02GC005 0 2GC0 06 02GC007 02GC008 02GC010 02GC011 02GC012 02GC013 02GC014 02GC015 02GC016 02Gcni; 
9 B 9 9 9 B 8 
- - - - - _ _ - _ _ _ _ 

1915 - - - - - _ _ _ _ _ _ 
1916 - - - _ _ _ _ _ _ _ 
1917 - - - - - - - _ _ _ _ _ _ _ 
1918 - - - _ _ _ _ • _ _ _ 
1919 - - - - _ _ • _ _ _ _ 
1920 - - - - • _ _ _ _ _ 
1921 - - - - - _ _ • _ • _ _ _ 
1922 - - - - - _ _ _ _ _ _ _ _ 
1923 - - - - - _ • _ _ _ _ 
1921» - - - - _ _ _ _ _ 
1925 - - - - - _ _ _ _ _ _ 
1926 - - - - - - - - _ _ • 
1927 - - - - - - _ • _ _ _ 
1928 - - - • - - _ _ _ • _ _ _ 
1929 - - - - • - - - - _ _ _ _ 
1930 - - - - - - - - _ _ • _ _ _ 
1931 - - - - _ _ _ _ • _ 
1932 - - - - - _ _ _ • _ _ 
1933 - - - - - - _ _ _ _ _ _ 
1934 - - - - - _ _ _ • _ _ 
1935 - - _ _ _ _ _ _ _ 
1936 - - - - - - - _ _ • _ • _ _ 
1937 - - - - _ _ _ _ _ _ 
1938 - - - - - • - - _ • _ _ 
1939 - - - - • - - _ • • • _ 
1940 - - - - - - _ _ _ • _ 
1941 - - - - - ' - _ • _ _ 
1942 - - - - - - - _ _ _ _ _ 
1943 - - - - - - - _ _ _ _ _ 
1944 - - - - _ _ • _ _ _ _ 
1945 - - - - - - _ _ _ • _ _ 
1946 - - - - _ _ _ _ _ _ _ 
1947 - - - - _ _ _ _ _ 
1948 - 4140 - - - _ - _ _ _ _ 
1949 - 3730 - • - _ _ _ _ _ 
1950 - 4120 - • - _ _ _ _ _ 
1951 - 3400 - - - • - - - - _ _ • _ 
1952 - 3040 - _ _ _ _ _ _ _ _ 
1953 - 1700 - - - _ - _ _ _ _ • _ 
1954 - 4230 - • - - - _ _ _ • • _ 
1955 - 2530 299 _ _ _ _ _ _ _ _ _ _ _ 
1956 - 2520 360 1630 1400 _ - _ _ _ _ 
1957 2020 2070 153 1060 985 - - _ _ • _ 
1958 377 565 52 288 453 208 - _ • _ _ 
1959 1730 1230 119 7'«3 828 539 - - - - _ _ 
1960 1860 2710 1000 3220 3060 881 - _ _ _ _ _ _ 
1961 2060 1790 105 364 695 276 116 0 - _ _ _ _ • 
1962 1730 1700 147 886 1020 759 2240 - - - - _ 
1963 1380 2230 108 635 953 511 1760 _ _ _ • • _ 
1964 1220 839 63 297 744 247 514 139 60.8 255 88.3 273 _ • 
1965 3110 6400 500 375 0 6100 1350 436 0 1280 314 603 404 547 1 110 878 
1966 800 2040 71 75 8 1010 218 1460 416 72 274 101 317 357 470 
1967 2810 1800 - 638 8 21 202 1090 545 61.S 158 77.2 391 240 529 
1968 7950 3700 - 1920 2300 630 2830 1240 183 341 176 433 550 1060 
1969 3930 5110 - 1810 2890 746 355 0 1520 201 558 25 0 489 706 887 
1970 1930 1420 - 459 624 144 890 334 - 185 71.4 190 211 24 8 
1971 2420 2100 - 801 1040 432 1430 722 115 201 104 307 350 30 0 

• DATA ESTIMATED BY CORRELATION A . 9 , iC INDICATE STATION CLASSIFICATION 



SNNUBL MAXIMUM MEAN CAILY FLOW CFS 

02GC018 a?GC021 02GO001 02GDa03 02GO004 02GOa05 

00 

A B B 

1911. - - - - - -
1915 - - - - - • 
1916 - - 6540 1250 0 - -
1917 - 4770 11800 - -
1918 - 6800 7530 - -
1919 - - 5200 7600 - -
1920 - - 7810 5200 - -
1921 - - 6340 10500 - -
1922 - - 5830 11400 - -
1923 - • 4590 778 0 - -
192<. _ - 4720 6900 - -
1925 - 7630 13600 - -
1926 - 9230 11900 - -
1927 - - 4270 795 0 - -
1928 - 4060 12500 -
1929 - - 7260 16500 - -
1930 - - 2540 16800 - -
1931 - - 3800 9240 -
1932 - - 245 0 2370 - -
1933 - - 3750 838 0 - -
193« . - - 5260 11000 - -
1935 7390 *12500 - -
1936 - - 5340 6220 - -
1937 - - 22200 20600 - -
1936 _ 10900 1320 0 1940 5060 

1939 _ - 5150 9930 1620 75 0 0 

191.0 _ 8100 1620 0 2450 15500 

19«.l 1260 3940 4 85 3500 

1942 _ - 6280 1360 0 2660 12500 

1943 9700 11400 2760 8400 

1944 _ - 2590 8720 1310 5060 

1945 _ - 6570 - 1950 6660 

1946 5690 - 2170 12800 

1947 _ - 13500 - 4410 20000 
1948 - 8630 - 3850 16000 

1949 _ _ 8310 - 3260 6950 

1950 _ 10000 - 3380 15800 

1951 - 6540 _ 2600 4860 

1952 _ _ 4900 _ 1790 4460 

1953 _ 4630 _ 2040 9440 

1954 _ - 12100 14300 3970 15200 

1955 _ _ 5720 10100 2240 1 2000 

1956 _ _ 117 0 0 11800 4010 13100 

1957 _ 5700 11800 1950 12000 

1958 _ - 1350 3570 590 2690 

1959 - - 3 89 0 10900 1600 12000 

1960 - • 8220 13800 2710 15200 

1961 _ 3350 5380 618 3620 

1962 _ - 4270 5560 1250 9010 

1963 - - 7240 18800 2130 17 000 

1964 _ - 2320 5230 995 4900 

1965 4580 - 12800 12900 2970 9070 

1966 1420 - 8150 11700 2460 15300 

1967 2 5 3 0 136 5370 9760 2260 10700 

1968 4570 215 17000 13700 5440 13300 

1969 3730 344 9410 9200 2250 8390 

1970 1820 129 3240 10200 9 07 7320 

1971 2980 157 4820 8870 2160 7380 
• DATA EST IMATED BY CORRELATION 

?GO006 02GO007 02GO008 02GO009 02GD010 02GD011 02G0012 02GD013 

B C B C B B C B 

- - - - - - - -_ _ - - - - - -_ - - - - -• _ - - - - - -• _ - - - - -• _ • - - - -• - - - - - -• _ - - - - -_ - - - - -_ _ - - - - -• - - - - - -_ • - - - -_ _ - - - -_ - - - - - -_ _ - - - - -_ - - - - -_ - - - - -_ _ - - - - -_ _ - - - -_ - - - - - -_ - • - - - - -_ - - - - - -_ - - - - - -• _ - - - - -
2480 - - - - - - -
1880 - - - - - • — 

3650 - - - - • — — 

403 - - - - - • 
2710 - - - - - — — 

3080 - - - - - - — 

1260 6260 - - - - - — 

2050 15300 - - - - • — 

2320 18900 1470 1100 1410 - - -
4710 27000 3780 3180 3400 - - -
3720 22700 2360 2170 1750 - - -
337 0 12800 1940 1050 1750 - - -
3880 21000 2220 1650 2100 - - -
2740 17400 2710 770 394 - - -
2410 7420 1590 721 1020 381 995 -
2820 6720 755 794 754 680 1160 -
4780 20100 3390 2240 3040 773 2 65 0 539 

3110 12400 1380 1240 1320 476 1250 510 

496 0 16000 1490 1680 1710 864 4 26 0 694 

15600 565 1550 1150 396 1610 129 
_ 3710 685 347 24 8 55 424 87 
_ 12900 1160 1420 1210 *700 1770 22 3 
_ 17600 2460 1710 1720 1320 2290 530 
_ 5650 1080 1050 725 288 578 67 

8590 775 757 504 356 80 4 185 
_ _ 1890 1520 1970 433 2380 69 6 
_ _ 640 649 720 166 55 6 141 
_ _ 2340 1410 2000 976 2 47 0 33 6 
_ 3160 360 2120 401 2 020 534 

_ 2500 538 1680 514 1120 62 0 
_ _ 3700 670 2340 1250 1070 1020 
_ • 1640 273 1190 693 929 975 

_ 955 344 787 249 579 275 
_ 1310 341 1240 404 833 234 

A , B , C INOICfiTF STATION C L A S S I F I C A T I O N 



CO 
00 

ANNUBL MAXIMUM MEAN DAILY FLOW CFS 

02G0014 02GO015 02GO016 02GOO19 02GO020 02GE002 02GF003 02GE005 02GG002 02GG004 02GG0 05 02GG006 02HaOO6 02HA007 
9 9 ' C C C 9 9 B 

1914 - - - - - • _ 
1915 - - - . - _ _ 
1916 - - - _ _ 
1917 - - - _ _ _ _ _ 
1918 - - _ _ _ _ _ 
1919 - - _ _ _ _ 
1920 - - - - _ _ 
1921 - - - • _ _ _ 
1922 - - _ _ _ _ 
1923 - - - - • _ _ _ 
1924 - - - _ _ _ 

1925 - - - _ _ _ _ _ 
1926 - - - _ _ • _ _ _ 
1927 - - • _ 
1928 - • - - • _ _ 
1929 - - - _ • _ _ _ _ 
1930 - - -

_ _ _ _ 
1931 - - - _ _ 
1932 - - - _ _ _ _ 
1933 - - - _ _ • _ 
1934 - - - - • _ _ _ 
1935 - - - _ _ 
1936 - - - - _ _ _ _ _ _ 
1937 - - - - - _ _ _ 
1938 - - - - • 27400 20700 _ _ 
1939 - - - - - 14000 15100 • 
1940 - - - - - 31200 24500 
1941 - - - - - 5110 4820 _ - _ 
1942 - - - - - 17900 14000 - _ _ _ _ 
1943 - - - - - 30600 2620 0 - • _ _ _ 
1944 - - - - - 7100 8730 _ • _ _ _ 
1945 - - - - - 11400 14400 - - • _ _ 
1946 - - - - - 21300 19400 _ • _ _ _ 
1947 - - - - - 42400 38500 - • _ _ 
1948 - - - - - 35700 28 70 0 - 3710 - • _ _ _ 
1949 - - - - - 19400 18400 3750 _ • _ 
1950 - - - - - 30500 28800 - (*160 _ _ _ 
1951 - - - - - 16700 14500 - ?&80 _ _ 
1952 - - - - - 13500 *1250 0 - 3150 _ • _ _ 
1953 - - - - - 11000 *10000 3U50 _ 
1954 4 24 0 18400 - - - *29500 *28000 • 6280 _ _ 
1955 6410 9000 - - - 18900 15900 _ _ _ _ 
1956 5720 15800 - - 26000 2440 0 _ U810 _ _ _ 
1957 3580 12700 2240 - - 21900 17600 3590 _ 2 120 _ 
1958 945 2980 595 - - 5030 5300 - 13^*0 _ 835 731 
1959 514 0 13500 2130 - - 17500 14800 _ 2150 _ _ 3 000 3400 
1960 6 090 18600 5050 - - 28900 26600 _ <i910 _ 4580 2790 
1961 2940 4760 1300 - - 8980 7850 1870 _ _ 2 330 16?n 
1962 418 0 5420 1500 - - 9520 9Z10 - 2610 • 2 94 0 1820 
1963 9570 19600 2880 - - 23000 25200 - 3130 - 2300 1600 
1964 1910 6060 898 - - 8120 7920 - 1120 • 1720 1110 
1965 3210 11900 4820 - - 26900 25200 _ t*600 32U0 2610 2000 
1966 6730 16800 2800 - 8 36 222 0 0 20900 642 351.0 U520 „ 1440 1180 
1967 7 32 0 12900 1630 33 7 686 16000 14200 870 3630 3730 701 2860 1020 1190 
1968 4490 17700 4070 6(19 1960 28300 29200 2080 6680 7550 2710 2860 4 070 1600 
1969 4850 10600 2330 40 8 7 99 21200 19000 96 0 2360 1580 1160 1140 2 670 186 0 
1970 5 100 9410 921 389 336 11200 10200 414 3810 2 8U0 761 2800 114 0 864 
1971 3 34 0 9540 133 0 464 541 13700 11600 509 2800 1680 983 1100 2 72 0 1700 

• DATA ESTIMATED BY r o R R F L A T I O N A , 9 , C INDICATE STATION C L A S S I F I C A T I O N 
1700 



ANNUAL HAXIMUH MEAN DAILY FLOW CFS 

02H3001 02HB002 02H8004 02HB005 02HB008 02HB010 0 2HB012 02HC002 02HC 003 02HC004 02HC0 05 02HC006 02HC00S 02MC00' 
A e B C 9 C B B B B B B B 

19l<. - - - - - - - - - - - - - -1915 - - - - - - - - - - - - -1916 1120 - - - - - - - - - - - - -1917 1060 - - - - - - - - - - - - -1918 126 0 • - - - - - - - -1919 2360 - - - - - - - - - - - - -1920 124 0 - - - - - - - - - - - - -1921 800 - - - - - - - - -1922 765 • - - - - - • - -1923 116 0 - - - - - - - - - - - - -192<i 94 0 - - - - - - - - - - - - -1925 1690 - - - - - - - - - - - - -1926 1120 - - - - - - - - - - - - -1927 1200 - - - - - - - - - - - -1928 765 - - - - - - - - - - -1929 1540 - - - - - - - - - - - - -1930 560 - - - - - - - - - - - - -1931 280 - - - - - - - - - - - - -1932 625 - - - - - - - - - - - - -1933 730 - - - - - - - - - - - - -193<t 66 0 - - - - - - - - - - -1935 650 - - - - - - - - - - - - -1936 790 - - - - - - - - - - - - -1937 423 • - - - - - - - -1938 473 - - - - - - - - - - - - -1939 705 - - - - - - - • - - - - -1940 580 - - - - • - - - - - - - -19U1 464 - - - - - - - - - - - - -1942 1190 - - - - - - - - - - - - -19«»3 685 - - - - - - - - - - - - -19«.i» 685 - - - - - - - - - - - - -1945 402 • - - - - - - - - - - - -ig<»6 820 4660 - 1470 4850 1260 _ 2230 -1947 850 5150 - - - - 2240 5330 1370 - 1990 - -1948 1190 8150 - - - - - 3080 7700 983 - 3470 - -1949 638 2240 - - - - - 3080 4850 488 - 1230 - -1950 2000 7560 - - - - - 3300 7280 1240 - 2240 - -1951 953 3790 - - - - - 1890 4470 1300 1510 1820 - -1952 494 2990 - - - - - 2540 3110 1380 1080 906 - -1953 394 1390 - - - • - 1700 4560 285 480 1520 - -1954 1030 11200 - - - - - 4460 29600 3230 168 0 2140 - 2940 
1955 571 3620 - - - - - 1430 4850 984 1000 330 - 600 
1956 147 0 4230 - - - - - 2750 5670 884 646 2250 1410 86 8 
1957 705 3200 1340 394 - - - 2270 2800 1280 500 2360 975 48 2 
1958 122 998 590 29 3 - - - 676 712 511 180 743 20 8 176 
1959 665 3090 1500 362 - - - 1340 3050 1010 44 6 2160 74 0 1100 
1960 494 5920 179 0 535 - - - 1160 3970 1420 943 2100 2 25 0 893 
1961 510 1630 689 170 366 435 - 986 1050 348 226 479 419 257 
1962 502 5260 1600 276 286 1030 - 602 2110 289 363 456 911 287 
1963 585 2990 1060 324 586 732 - - 2220 357 293 1170 418 642 
1964 226 2300 500 188 186 228 - - 2140 300 333 600 44 0 200 
1965 75 5 3920 1500 420 441 862 - - 7220 - 76 0 1930 2100 1200 
1966 284 4000 1130 226 195 400 26 0 - 1760 - 451 700 - 30 0 
1967 501 3350 137 0 55 0 524 654 333 - 2650 - 385 1030 - 599 
1968 513 2650 244 0 4»1 327 750 400 - 2520 - 329 2130 - 618 
1969 580 2480 1350 318 297 565 480 - 3030 - 546 845 - 75 9 
1970 266 2090 898 146 286 353 20 5 - 1170 - 211 443 - 357 
1971 498 2190 1380 261 289 557 471 - 2890 - *40 0 1380 - 659 

• DATA fSTTMBTFO BY CORRELATICN A.B, .C INCICATE STATION CLASSIFICATION 



00 
00 
O 

ANNUAL MflxIMUH MEAN DAILY FLOW CFS 

1911* - - • • 
1915 - - - _ _ _ _ _ _ 
1916 - • - _ _ • • 
1917 - - _ _ _ _ _ _ _ 
1918 - - _ _ _ 
1919 • - - _ _ • • _ _ 
1920 - - - - - _ - _ • _ 
1921 • - - - _ _ _ 
1922 - - - _ _ _ _ 
1923 - - • - - _ _ • _ • _ 
1921. - - - _ _ 
1925 - - - • _ _ _ 
1926 - - - _ _ _ 
1927 - - - - - _ • • 
1928 - - _ _ _ _ _ 
1929 • - _ _ _ _ _ _ 
1930 - - - - - _ • _ _ 
1931 - - - - - _ _ _ _ _ _ 
1932 - - • - _ _ _ • 
1933 - - - _ _ _ _ • _ 
1931. - - _ _ _ • _ _ _ 
1935 - - - - - _ _ 
1936 - - - - _ _ • _ _ _ 
1937 - - - - _ _ • _ 
1938 - - - _ _ • _ _ 
1939 - - - - - - - - • _ 
191.0 - - _ _ _ _ _ _ 
191.1 - - - - - _ _ _ _ 
191.2 - - - - - _ _ - _ 
191.3 - - - - - - _ 
191.1. - • - _ _ _ • _ _ 
191.5 - - - - - - _ - • 
191.6 - - - - - - - • • • 
191.7 - - - - _ _ _ _ _ _ 
191.8 - - - - _ _ _ • _ 
191.9 - - _ _ _ _ _ • _ 
1950 - • - - _ _ _ _ 
1951 - - - - _ - _ _ _ • 
1952 - • - - _ 
1953 - - _ _ • _ 
1951. - - - - - - - _ - • 
1955 - - - - - - - _ _ • 
1956 - - - _ _ • 
1957 1850 880 676 • - - - _ -1958 365 133 155 184 - _ - _ • 
1959 1820 61.9 71.3 740 415 - _ _ -1960 2 010 1.1.2 711. 59? 818 - _ _ _ • • _ 
1961 610 1.71 288 329 201 164 - _ — 

1962 - 560 1.18 267 229 232 22 9 _ _ • • 
1963 - 530 300 201 128 242 443 196 6 37 767 - - -1961. - 237 ^13 217 232 237 331 121 968 400 231 613 
1965 1620 62 8 8 94 .677 886 959 446 2480 2500 85 0 • 500 
1966 - 200 1.57 474 367 300 505 90 1150 378 27 0 • 224 
1967 - 306 91.6 442 303 384 676 147 1370 693 418 221 U5? 
1968 - 91.0 1.73 510 776 740 1020 249 2180 960 - 499 (•65 
1 = 69 - 1.65 233 793 380 378 785 313 1350 972 - 307 352 
1970 - 299 166 245 380 25 0 44 0 145 787 482 188 560 190 
1971 - 296 26 9 643 556 553 1230 220 1350 556 685 310 667 

• DATA ESTIMATED SY CORRELATION A.B»C INCICATE STATION CLASSIFICATION 

992 
424 
430 
675 
540 
22 9 
60 3 



ANNUAL MAXIMUM MEAN DAILY FLOW CFS 

02HC030 02HC031 02HC032 02HC033 02H0002 02HO003 02HOOO<. 02H0006 02HOn07 02HO0D8 02HO009 02HO010 02HF002 02HK002 

00 
00 

B B B B 9 C C 

- - - - - - - - - - - - - -
1915 - - - - - - - - - - - - - -
1916 - - - - - - - - - - - - - -1917 - - - - - - - - - - - - -1918 - - - - - - - - - - - - - — 

1919 - - - - - - - - - - - - - -
1920 - - - - - - - - - - - - - -
1921 - - - - - - - - - - - - - -1922 - - - - - - - - - - - - -1923 - - - - - - - - - - - - - -
192it - - - - - - - - - - - - - -
1925 - - - - - - - - - - - - - -
1926 - - - - - - - - - - - - - -1927 - - - - - - - - - - - - - -
1928 - - - - - - - - - - - - - -
1929 - - - - - - - - - - - - • -1930 - - - - - - - - - - - - - -
1931 - - - - - - - - - - - - - -
1932 - - - - - - - - - - - - - • 
1933 - - - - - - - - - - - - - -
1931. - - - - - - - - - - - - - -
1935 - - - - - - - - - - - - - -
1936 - - - - - - - - - - - - - -
1937 - - - - - - - - - - - - - -
1938 - - - - - - - - - - - - - -
1939 - - - - - - - - - - - - - -1940 - - - - - - - - - - - - - -
1941 - - - - - - - - - - - - - -
1942 - - - - - - - - - - - - - -
1943 - - - - - - - - - - - - - -
1944 - - - - - - - - - - - - -
1945 - - - - - - - - - - - - - -
1946 - - - - - - - - - - - - - -1947 - - - - - - - - - - - - - -
1948 - - - - - - - - - - - - - -
1949 - - - - - - - - - - - - - -1950 - - • - - - - - - - - - - 990 0 

1951 - - - 1810 - - - - - - - - 11300 

1952 - - - 3030 - - - - - - - - 20000 
1953 _ - - - 8 53 - - - - - - - - 12100 
1954 - - - - 1940 - - - - - - - - 1O900 

1955 - - - - 3420 - - - - - - - - 12900 

1956 - - - 2150 - - - - - - - - 9620 
1957 - - - - 1550 - - - - - - - - 10600 
1958 • - - - 450 - - - - - - - - 10500 

1959 - - - - 3190 - - - 576 - - - - 8020 
1960 - _ - 1720 356 385 1430 743 - - - - 10200 
1961 _ _ _ 589 221 245 323 170 - - - - 17400 
1962 - - - - 497 417 46 400 283 - - - 754 7170 
1963 - - - - 996 300 76 264 125 - - - 1040 6370 
1964 - - - - 957 299 138 255 185 - - - 1320 6660 
1965 - - - - 1590 700 70 5 620 394 930 - - 1630 7340 
1966 - 600 138 27 0 1000 400 500 800 426 973 600 354 1910 9730 
1967 1300 743 30 3 340 810 270 121 309 327 285 237 178 2110 11300 
1968 3350 706 281 811 960 320 22 0 468 *280 760 344 226 117 0 10800 
1969 1530 984 37 0 440 910 290 167 500 578 427 200 317 2 26 0 9110 
1970 650 389 171 353 3 98 129 46 980 250 170 117 300 1200 12100 
1971 1350 - 196 37 4 726 183 10 9 700 515 1020 264 224 1730 8 92 0 

• DATA ESTIMOTEO BY r O R R E L A T I C N A . B . C INDICATE STATION C L A S S I F I C A T I O N 



W ANNUAL MAXIMUM MEAN OAILY FLOW CFS 

02HK003 02HL001 02HL0fl3 02HL004 02HL005 02HM001 02HM002 02HM003 02HM004 02JE014 02KA002 02KB001 02KC009 02K0001 
C B B B C C B C A B C 

1914 - - - - - - - - - - - - -
1915 - - - - - - - • - - - -
1916 - 8360 - - - - - - - - - 5000 - 3390 
1917 - 10400 - - - - - - - - - 9320 - 2980 
1918 - 6590 - - - - - - - - - 2990 - 2110 
1919 - 5930 - - - - - - - - - 5880 - 3190 
1920 - 7150 - - - - - - - - - 3380 - 177 0 
1921 - 6320 - - - - - - - - - 6130 - 5470 
1922 - 8150 - - - - - - - - - 9140 2910 625 0 
1923 - 5430 - - - - - - 6040 2890 4740 
1921. - 5010 - - - - - - - - - 6620 3490 3320 
1925 - €450 - - - - - - - - - 4600 3680 2190 
1926 - 8840 - - - - - - - - - 5630 4460 3400 
1927 - 8380 - - - - - - - - - 4310 3 970 2060 
1928 - 11000 - - - - - - - - - 9740 10100 7000 
1929 - 8300 - - - - - - - - - 10900 5470 4500 
1930 - 5530 - - - - - - - • - 5550 1030 2050 
1931 - 2600 - - - - - - • • - 1830 1450 96 0 
1932 - 8370 - - - - - - - - - 5380 3820 2740 
1933 - 7710 - - - - - - - - - 6490 3250 3 570 
1931. - 7860 - - - - - - - - - 8580 2490 3290 
1935 - 5210 - - - - - - - - - 3850 2 990 1460 
1936 - 12400 - - - - - - • - - 9060 3060 4690 
1937 - 6670 - - - - - - - - - 6930 5570 2510 
1938 - 9620 - - - - - - - - - ° 3 4 0 4 34 0 4230 
1939 - 9920 - - - - - - - - - 6480 2510 3730 

igito - 8300 - - - - - - - - - 5800 3600 2480 
191.1 - 4430 - - - - - - - - - 8480 2010 3800 
191.2 - 6570 - - - - - - - - - 7230 2 48 0 2940 
19<.3 - 7730 - - - - - • - - - 11700 415 0 -
131*1* - 4040 - - - - - - - - - 3890 1240 -1945 - 6550 - - - - - - - - 5890 3 460 -
1946 - 5630 - - - 1330 - - - 4630 2780 
1947 - 10 300 - - - 2820 - - - - - 12300 6860 -1948 - 11100 - - - 2940 - - - - - 7010 3260 -
1949 - 6660 - - - 2160 - - - - - 8420 3400 -1950 - 944 0 - - - 3400 - - - - - 4500 4570 -1951 - 8440 - - - 3040 - - - - IIOOOO 12700 6110 -
1952 - 10300 - - - 2820 - - - - 84500 8900 5 76 0 -1953 - 5040 - - - 1830 - - - - 92200 7250 3080 -
1954 - 6920 - - - 2420 - - - - 85300 6260 3700 -
1955 - 7220 - 2750 - - - - 61600 10100 5120 -
1956 - 6960 156 0 2220 - 3100 - - - - 70000 6150 4390 • 
1957 - 3990 1020 1120 - 921 299 - - - 103000 4740 144 0 -
1958 - 4940 925 1460 - 15 7 0 324 - - - 38600 5070 2420 -1959 - 8720 1550 2260 - 2940 74 8 3110 • - 57900 6660 1860 -1960 7 37 0 10100 1680 2650 - 2990 64 2 3680 - - 146000 14000 3170 -
1961 2190 2910 574 1210 - 1040 305 1110 - - 48700 4590 *2 20 0 -1962 2540 6520 1070 2080 - 2020 42 8 2110 - - 85100 6170 *3 00 0 -
1963 3300 7470 1560 2630 - 1960 365 2320 - 4400 38600 6330 3200 
1964 2610 3250 807 989 - 1110 264 1280 3120 61500 3930 1740 -
1965 4310 7720 1930 2520 - 1690 50 8 1820 - 5400 67900 8960 2680 -1966 3850 5640 134 0 2010 931 1350 42 8 1520 436 6200 86500 9300 2500 -
1967 3010 5830 135 0 196 0 891 1760 266 1730 570 5450 100000 8650 4560 • 
1968 3700 5380 1080 1780 8 95 1560 246 1960 600 4370 59400 6750 3450 -1969 4030 6760 2210 2660 1160 2180 534 2470 924 4 760 55300 7130 5450 -1970 3 64 0 4550 941 1540 792 1540 276 1520 682 7390 74500 8320 2910 -1971 5450 8780 1530 2420 1080 266 0 526 2750 679 6070 65600 9960 4230 -• DATA FSTTMATFD BY r o R R E L A T I O N A , B , C I N C I C A T F STATION C L A S S I F I C A T I O N 



ANNUAL MAXIMUM MEAN DAILY FLOW CFS 

CO 
00 

02KOOO2 02KD004 02KD006 02KE002 02KF005 02KF006 
C C C C C 

igi<» - - - - - -1915 - - - - - -1916 1730 - - - - -
1917 1540 - - - - -191B 1200 - - - - -1919 159 0 - - - - 6510 
1920 1010 - - - - 3170 
1921 3310 - - - - 4400 
1922 3220 - - - - 5390 
1923 2 56 0 - - - 2670 
192'» 145 0 - - 12700 - 4220 
1925 1 06 0 - - 1160 0 - 3670 
1926 1500 - - 13700 - 7490 
1927 1610 - - 828 0 - 5210 
1928 2720 - - 21500 - 9190 
1929 2430 - - 20300 - 6410 
1930 154 0 6560 - 9630 - 2660 
1931 520 2570 - 4790 - 290 0 
1932 1460 7680 - 126 00 - 5720 
1933 2710 7550 - 15800 - 6220 
1934 1760 6690 - 14500 - 6180 
1935 1160 4500 - 8320 - 2590 
1936 2300 14100 - 15100 - 7720 
1937 1760 8850 - 12700 - 4530 
1938 2030 10000 - 14800 - 5820 
1939 2420 11100 - 15100 - 6480 
1940 1410 9250 - 12700 - 5340 
1941 2260 9630 - 1190 0 - 3740 
1942 1310 62 80 2130 1070 0 - 4300 
1943 3760 17400 5140 22000 - 6680 
1944 855 4610 1230 6800 - 3130 
1945 1210 5040 2150 10500 - 3770 
1946 980 4870 1180 827 0 - 3660 
1947 3060 13900 6160 16800 - 766 0 
1948 1580 6460 2220 9460 - 4920 
1949 1710 6060 2440 978 0 9950 4890 
1950 1580 5090 1890 - 1 0500 5370 
1951 3 46 0 14200 4960 - 19200 6540 
1952 2180 6690 5060 - 12800 5610 
1953 1720 5090 2780 - 11600 4120 
1954 2040 6420 3240 - 13900 5820 
1955 3310 8560 4040 - 15900 5850 
1956 1500 5010 1860 - 10600 4740 
1957 2290 4710 - - 7240 1740 
1958 1520 5470 - - 11100 3410 
1959 2 46 0 6650 - - 11000 4720 
1960 3610 11400 - - 21000 6010 
1961 1790 3860 - - 6100 2360 
1962 1270 3420 - - 5560 2770 
1963 1900 4750 - - 9440 3970 
1964 1970 4510 - - 6490 248 0 
1965 2 06 0 7320 - - 8970 3770 
1966 1690 7390 - - 9050 2570 
1967 198 0 9150 - - 12600 3420 
1968 2370 5290 - - 7510 5460 
1969 2630 11100 - - 18600 5720 
1970 2640 6740 - - 10400 5890 
1971 2730 11100 - - 16000 7630 

00 • DATA E S T I M A T E D BY CORREU iTI ON 

IKF007 02LA0fl4 02LB005 02L9006 02LB007 02LB008 02L 90 09 02MC001 
C C B B B B q B 
_ • - - - - - • 

_ _ - - - - -_ _ - - - - -_ _ - - - - -_ _ _ - - - - -_ _ - - - - - -
765 - - - - - - -

1580 - - - - - -364 0 - - - - - — — 

1350 - - - - - - — 

2520 - - - - - - — 

1560 - - - - - • • 
208 0 - - - - — • 
1230 - - - - - • — 

3100 - - - - - • • 

2640 - - - - • 
99 0 - - - - - - — 

615 - - - - - -1760 - - - - -2250 - 21000 - - - — — 

1460 - 35700 - - - - -74 5 - 14000 - - - - — 

2410 - 23000 - - - -197 0 • 27700 - - - - — 

1440 - 41600 - - - • — 

1240 - 30500 - - - - -2080 - 24200 - - - - -83 5 - 18900 - - - • — 

1370 - 22600 - - - - • 
330 0 - 20500 - - - - • 

675 - 12000 - - - - -1250 - 24300 - - - - -
835 4070 5800 - - - - • 

2040 19000 38000 - - - • — 

188 0 6890 25700 4550 2190 - - -120 0 13400 26300 3630 116 0 3820 - -155 0 15600 33600 5740 3590 4820 9820 -
2940 14800 42100 5040 1960 4410 6290 -
1890 13400 32700 3860 1390 4100 6 240 -1020 11700 16100 2850 1590 27 80 *6 00 0 -
1140 14300 32600 6320 1890 "4700 *6 90 0 -
174 0 17400 35800 6520 1910 4600 6760 -
1710 12400 20400 3 640 2480 3590 6300 -4680 6480 1810 746 1460 2 140 -10600 23300 3000 1690 2560 5 47 0 -_ 14600 19200 4010 2260 4200 7510 -16800 28700 3220 3520 3760 8 340 -

6810 13500 2380 708 2260 3 23 0 1540 
11400 23100 3500 2030 2650 8 920 4030 
15600 30700 5360 2250 4300 8660 4640 

_ 3850 11600 1480 634 1300 3 22 0 1240 
5160 6840 1090 595 1240 3500 1000 

• 7600 15600 2060 957 2300 4530 2180 
_ 11000 29000 3960 1030 4440 5030 3690 
• 13300 28900 3630 1350 3200 6390 2850 
• 11600 22500 2 440 1320 2490 4760 2240 
_ 15600 29800 5410 2000 - 6850 3290 

- 17500 35600 4240 2170 - 9600 3390 
4,8 , C INDICATE STATION C L A S S I F I C A T I O N 



00 
00 aNNUflU INSTSNTaNEOUS PESK FLOW CFS 

02Ea005 02EI3003 02Ff l001 02F9007 02FB010 02FC001 02FC002 02FC011 02FE004 02FF002 02FF003 02G6010 02Ga017 02GC002 

191.8 - - - - - - - - - - - 14900 - -
1949 
1950 - - _ _ _ _ - - 12600 -
1951 - - - - - - - - - - - - - -1952 - - - - - - 10300 • - - - - - -195? - - - - - - 5410 - - - - - - -1954 - - - - - - - - - - - 15100 - -1955 - - - - - - - - - - - - - -1956 - - - - - 24600 - - - - - 9420 - -1957 - - - - - 1 3300 - - - - - 6 320 - -1958 - - - - - 7960 - - - - - - -1959 - - - 995 - 20500 10900 • - - - - 6 170 -1960 - - - - - 25500 15100 - - 5510 10200 6 84 0 -1961 - - - - - 11600 - - - - 1110 6500 165 0 -1962 - - - - - 20100 - - - - 1750 7320 6700 -1963 - - - - - 31200 13500 912 - - 76 0 10300 5 97 0 -1964 - - - - - 11200 - 1270 - - 516 3240 4030 -1965 - - - 1750 - 26600 9960 1000 - 8120 2230 12500 4770 -1966 - 3240 - 997 - 14200 7230 665 - 9240 3220 8060 3 73 0 -1967 1230 2610 6450 1260 2260 2 3500 11200 903 15300 7300 3840 10400 7570 4290 
1968 1670 4560 3500 1670 2770 27700 9300 1270 22600 12900 - - 615 0 9720 
1969 1460 3790 3 66 0 1400 1550 18800 8760 970 16100 5490 - 7010 3 45 0 547 0 
1970 1570 2790 4320 955 IPOO 20700 10200 804 10100 5200 - 5100 4690 4370 
1971 1700 2950 4460 895 1970 — 1100 0 751 9080 — - 4280 3 84 0 3310 

02Gn001 aZGOOlO 02GO012 02GO016 02GG00Z 02H9001 02HB004 02HC006 02HC009 02HC012 02HC019 02HC022 02HM003 02K800i 
(1938 ) 158 00 

1948 9790 - - - - - - - - - - - - -1949 - - - - - - . - - - - - - - -1950 12500 - - - - - - - - - - - -1951 - - - - - - - - - - - - - -1952 6210 - 1450 - - - - - - - - - - -1953 6800 - 2010 • - - - - - - - - - -1954 15 800 - 530 0 - - - - - - - - - - -1955 - - - - - - - - - - - - - -1956 14400 - 5970 - - _ - _ - _ - -1957 6720 - - 2390 - - - - - - - - - -1958 1390 - - 6?3 - - - - - - - - - -1959 4240 - 1"20 2360 - - - - - - - - - -1960 9730 - 2520 5470 - - - 3580 - - - - - -1961 3570 - - 1410 - - - 996 - - 239 - - -1962 4290 - 1140 2350 - - - - - - - - - -1963 7590 - 3160 3130 - - - 2150 992 - - - - -1964 2640 - 724 1090 - - - 1410 - - 379 378 - -1965 16100 - 3480 6840 5570 - 1580 3430 - 3000 1020 1620 2 20 0 -1966 8630 2400 2 95 0 3100 4240 - 1600 1180 - 313 381 722 1850 9320 
1967 - 2120 1290 1870 4C43 641 2520 2200 820 372 1100 1150 2 26 0 8700 
1969 - 3070 1810 5160 8360 615 3350 3520 898 1360 1830 1880 2 050 6890 
1969 - 1640 1440 321.0 2580 676 3690 1570 941 553 827 1300 2900 7170 
1970 - 1230 584 994 4520 315 126 0 891 399 348 553 641 169 0 8430 
1971 - 1430 1850 - - 515 1880 1600 730 304 710 1420 2800 10000 



DATA UPDATE 
THE FOLLCWINC DATA ON MAXIMUM MEAN OAILY FLOWS T01976 HAVE BEEN INCLUDED FOR ANY FURTHER ANALYSIS 

02EA005 02E&006 02E80 04 02EB006 02EB008 02ECt02 02EC003 02EC009 02EC010 02EC011 02E0003 02EO007 02FA001 02FB007 

1972 1680 2120 445 0 8890 3090 6120 9160 1060 323 1580 5360 1030 5030 1540 
1973 1270 16 60 4140 10300 2700 5400 7390 560 149 1320 3490 747 2850 841 
1974 1640 1900 555 0 10400 3680 4960 8420 1110 260 2000 4260 924 2980 975 
1975 1560 2040 5110 10100 2690 5260 7650 1360 279 1700 5540 1620 4660 1730 
1976 2100 38 40 5870 12600 3940 7030 8110 781 150 1860 4820 929 5290 1490 

02FB009 02FB010 02FC001 02FC002 02FC011 02FE002 02FE003 02FE004 02FE005 02FF002 02FF004 02FF007 02GA003 02GA010 

1972 1740 18 40 21000 13300 1060 13200 1130 14000 5740 4200 524 5240 25900 6600 
1973 1410 1200 16900 7410 609 8100 434 8340 2510 7300 225 4350 15300 5260 
19 74 2170 2320 15000 11500 1060 11100 954 12500 5080 6230 390 4480 30200 846 0 
1975 2530 2990 23700 18600 2400 22100 1680 22700 10100 6810 426 6380 19800 11300 
1976 2160 35 70 26500 13200 1670 20900 1490 19700 8570 7860 577 4240 17700 9770 

02GA015 02GA016 02GA017 02GA018 02GA023 02GA024 02GA028 02GA029 02GB001 02GB006 02GE007 02GB008 0268009 02GB010 

1972 3480 130 00 4360 5090 1110 233 6700 1240 29300 851 1100 1250 729 700 
1973 2670 39 00 - 4680 714 188 2700 919 20400 865 1530 1680 531 681 
1974 3940 6640 - 7000 1400 433 9570 1230 36200 loeo 2310 1730 533 705 
1975 3370 44 00 - 10700 1600 515 5670 1410 31200 1050 1270 1210 519 524 
1976 1620 5410 - 9380 974 169 5740 1040 24400 7 32 1510 1720 939 1060 

02G8011 02GC004 02GC0 06 02GC007 02GC008 02GC010 02GC011 02GC012 02GC013 02GC014 0 2GC015 02GC016 02GC017 02GC0ie 

1972 _ 20 50 64 6 1000 710 1480 616 169 231 259 362 600 418 1930 
1973 52 25 80 1100 1350 277 2260 777 116 286 126 332 370 671 2260 
1974 86 2300 1080 1420 381 2350 958 120 323 124 297 361 641 2330 
1975 74 2110 77 5 998 285 1330 622 84 251 109 263 286 367 1790 
1976 135 - 1730 218 0 566 3380 1450 176 638 238 568 878 578 3700 

02GC0 21 02GO001 02GD003 02G0004 02G0005 0260008 02G0009 02GO010 02GD011 02G0012 02GC013 02GD014 02G0015 02GD016 

1972 188 52 60 7800 1600 6610 1160 491 1070 513 960 _ 3540 8890 1810 
1973 162 70 70 9200 2090 643 0 1280 272 1060 496 1290 - 2900 9280 1930 
1974 169 6990 11100 2720 13500 16fO 781 1950 506 1210 38G 5800 15700 1920 
1975 14 e 6260 13200 2130 15500 1640 1700 2870 530 883 304 10400 19500 2000 
1976 211 12 30 10500 2880 8960 2440 539 1480 947 883 875 7160 10100 2440 

02GO0ig 02 (O020 02GE002 02GE003 02GE005 02GG002 026G004 a2GG005 02GGfl06 02HA006 02HB007 02HB0Q1 02HB002 02HB004 

1972 42 5 9 30 14400 12400 780 40 30 2130 596 1510 1300 956 881 3750 1190 
1973 317 540 18400 1760 0 60 2 3660 3810 929 1870 2480 1800 510 2990 1220 
1974 423 7 97 20000 18 20 0 775 3410 2980 898 2210 2280 1470 867 11900 2920 
1975 531 9 80 19900 1600O 952 2950 2360 960 1380 1740 1250 1010 6410 1140 
1976 346 1150 2 340 0 20700 1080 3840 4350 110 0 3800 2760 2180 949 5980 195 0 

0 2HB0 05 02HB008 02HB010 02HB012 02HC003 02HC(i05 a;HC006 02HC009 02HC012 02HC013 02HC017 fi2HC018 02HC019 02HC022 

1972 456 6 35 554 270 5040 480 2070 1360 666 517 926 732 897 1380 
1973 458 4 36 62 8 40 2 3140 448 - 526 354 710 362 - 454 66 8 
1974 725 6 59 642 601 5770 600 1500 1630 900 - 909 - 700 1330 
1975 363 5 36 473 436 5460 378 1900 1080 915 - 984 - 1000 1030 
1976 313 5 80 613 614 4710 326 1680 1110 836 770 827 801 675 660 

00 
00 



00 
00 

02HC023 02HC024 OZHC025 02HC026 0 2HC027 02HCfl28 

1972 450 1530 1290 1810 389 647 
1973 177 13 40 742 1100 337 6 34 
1974 561 1930 162 0 60 0 525 556 
19 75 43 7 20 80 1320 655 544 7 68 
1976 367 1100 1290 724 370 450 

02HD006 02HD007 02HD008 0 2HD009 02HO010 0ZHF002 

1972 782 644 103 0 40 4 336 2000 
1973 456 5 26 611 45 6 302 1840 
1974 474 - 1000 375 350 2750 
1975 500 - 1400 498 558 1520 
1976 58? 559 638 42 6 491 2840 

02HM002 0 2^M003 02HM004 02KA002 02KB001 02KC009 

1972 650 2510 76 5 67800 12500 4220 
1973 381 2650 551 81000 9520 6460 
1974 454 28 30 80 6 87800 12000 4960 
1975 331 2530 780 58200 8320 6420 
1976 473 30 50 800 73400 10400 5900 

02LB008 021B009 02MC001 

1972 _ 76 30 3310 
1973 - 7610 265 0 
1974 - 6750 2400 
1975 - 4100 355 0 
1976 7750 fSOO 325 0 

02HC0 29 02HC03a 02HC031 02HC032 a2HC033 02HD002 02H0003 02H000<i 

42400 1620 _ 640 363 1500 361 174 
635 1260 - 230 385 841 360 172 

1010 2S10 - 460 900 1360 410 297 
1310 2300 496 411 643 1630 404 279 

600 1410 790 428 396 - 429 222 

a2HJ002 02HK002 02HK003 02HL001 02HL003 02HL004 O Z H L O O S OZHHOOl 

10800 12500 4800 9300 1790 2930 1420 2560 
13200 15600 5010 8880 1720 2700 1310 2220 
11500 1220 0 4180 7470 1660 2880 1110 -9310 11400 4370 7720 1940 2750 1480 -15700 15600 8030 12100 2510 3790 1750 -

02KO002 02KO004 02KE0fl5 02KE006 02L/1004 02LB005 fl2LB0Q6 02Le007 

3220 12100 15600 6860 18900 32500 4840 2010 
2850 12600 16000 6660 15800 30000 5200 1610 
2810 13100 16200 5400 14000 23800 3990 2640 
2790 9550 15900 63eo 13900 29800 3740 1420 
3440 12800 16300 8350 20600 37200 5000 1700 

• 






