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FREQUENCY ANALYSIS OF MAXIMUM RAINFALL
AND
IDF DESIGN CURVE UPDATE
FOR
THE CITY OF GUELPH

1.0 INTRODUCTION

The City of Guelph is conducting a Stormwater Management Study and Environmental
Assessment of the drainage system in Ward One of the city. The study will identify
opportunities to improve the level of service of the existing drainage system and to reduce
the level of flooding that is being experienced south of the CNR .The drainage
improvements will be completed in conjunction with capital road works to Elizabeth Street
between Stevenson Street and Victoria Road. The study identified the need to review and
update the City’s current Intensity Duration Frequency Design (IDF) curves. One of the
reasons for recommending that the city undertake a rainfall analysis was that initial
hydrologic modeling of low event storms (2 and 5 year) indicated that considerable
surcharging of the storm sewer system in the upper catchment north of the CNR. This
surcharging would have created localized surface ponding, however, there have been
very few recorded incidences of nuisance flooding in this upper catchment area. Another
reason for the investigation was that the current IDF design curves were derived from
limited historical rainfall records (16years), for a meaningful analysis at least 25 to 30
years of data is recommended.

The city's current rainfall design curves were derived from approximately 16 years of
rainfall records recorded at the University of Guelph Ontario Agricultural College
Arboretum Rainfall Station. The rainfall analysis was completed in the early 1970’s by the
engineering firm of James F. MacLaren. The design curves were derived from a partial
duration series of rainfall based on 16 years of rainfall records from 1954 to 1970. These
curves have been used in the design of storm water infrastructure for existing and new
developments within the City of Guelph. This report will review 43 years of records and
generate an additional 7 years of missing rainfall records from the analysis of annual
maximum rainfall from adjacent rainfall stations. The data will be used in a statistical
rainfall frequency analysis model that will generate a distribution of rainfall intensities for
various storm durations and storm recurrences (return periods). The model data will be
used to develop updated intensity frequency duration (IDF) design curves that can be
used for the sizing and modeling of various conveyance systems and stormwater
management storage facilities. The analysis will also provide design curves for more
frequent rainfall events used to size facilities to improve storm water quality. The report
will provide some general discussion and recommendations for adapting the design
curves to address global warming trends.

&) EarthTech
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2.0 RAINFALL FREQUENCY ANALYSIS

2.1 Precipitation

Precipitation is a random event that cannot be predicted based on historical data.
However, any given precipitation event has several distinct and independent
characteristics which can be quantified as follows:

Intensity - Rainfall depth divided by the duration (mm/hr).

Duration - Length of time over which precipitation occurs (hours).
Frequency - Recurrence interval of events having the same duration and depth (mm).
Depth - Amount of precipitation occurring for the storm duration (mm)

A specified amount of rainfall depth may occur from many different combinations of
intensities and durations. The peak intensity associated with each combination will vary
widely. Also, storm events with the same intensity may have significantly different
volumes and durations if the specified storm frequency (2-year, 10-year, 100-year) is
different. It therefore, becomes critical for any regulatory criteria to specify the volume (or
intensity) and the duration for a specified design frequency. Design Curves and synthetic
storms will be discussed in the sections to follow.

2.2 Frequency

The frequency of a specified design storm can be expressed either in terms of
exceedance probability or return period.

Exceedance Probability is the probability that an event having a specified volume and
duration will be exceeded in one time period, which is most often assumed to be one

year.

Return Period is the average length of time between events having the same volume
and duration.

If a storm of a specified duration and volume has a 1 percent chance of occurring in any
given year, then it has an exceedance probability of .01 and a return period of 100 years.
The return period concept is often misunderstood in that it implies that a 100-year flood
will occur only once in a 100-year period. This will not always hold true because storm
events cannot be predicted deterministically. Because storm events are random, the
exceedance probability indicates that there is a finite probability (.01 for this example) that
the 100-year storm may occur in any given year or consecutive years, regardless of the
historic occurrence of that storm event.

&) EarthTech
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TABLE 2.1 Variations of Rainfall Duration and Intensity

for a Constant Volume

Duration

Intensity Volume
ey (mm/hr) (mm)
0.5 30 15
1.0 15 15
1.5 10 15
6.0 2.5 15

for a Given Intensity

Duration Volume Intensity Fregquency
(hr) (mm) (mm/hr) (years)
1.0 15 15 2
2.0 30 15 25
3.0 45 15 50

TABLE 2.2 Variations of Rainfall Duration, Volume and Return Frequency

2.3 Rainfall Records and Gauges

This report will complete an analysis of the annual maximum rainfall records for the City
of Guelph to year 2003. The analysis will be used to generate updated Intensity Duration
Frequency design curves that can be used in simple models (Rational Method) or more
complex hydrologic models for the sizing of various stormwater infrastructure and
management facilities. The annual maximum rainfall data for the City of Guelph and
surrounding area were obtained from data collected by the Meteorological Services of
Canada (MSC) Ontario Climate Center, an arm of Environment Canada. The department
was formerly known as Atmospheric Environment Services (AEC). MSC collects
meteorological data for all of Canada from a number of stations. The Guelph Turfgrass
CS ( Arboretum) rainfall gauge will be used for this analysis. It is located within the
University of Guelph campus and has been in operation since 1954 (Hurricane Hazel)
and 43 years of rainfall data has been collected to 2003. No records were available for
1974, 1975 and for 1992 to 1996 for this gauge. In order to provide a comparison of
rainfall intensities and trends, two additional stations were included in the analysis. These
were selected based on location, quality and continuity of the available data. Generally, a
minimum of 30 years of records should be used for a rainfall frequency analysis. The
additional data was obtained from MSC for the Waterloo Wellington Airport which has 31
years of records from 1971 to 2003 with missing records for 1999 and 2001. The third
station at Fergus Shand Dam has 38 years of records from 1962 to 2003 with missing
records for 1969,1971,1986 and 1995. The annual intensities are provided by MSC for 6
series of annual maximum intensities (2,5,10,25,50,100 year) and 9 standard rainfall
durations ranging from 5minutes to 24hours. The selected stations, location and available

&) EarthTech

h tqca Internalienal Lid. Company

May 2007 Page 3



RAINFALL FREQUENCY ANALYSIS
AND IDF DESIGN CURVE UPDATE

“Buelph

data for the annual maximum series of records are summarized in Table 2.3. Appendix A
provides more detailed information and a statistical summary for these three Ontario
stations used for this analysis as recorded by Atmospheric Environment Service (AES).

Table 2.3 Rainfall Gauge Sites, Annual Maximum Rainfall Intensities

. Location Elevatlon Period
Station Name ID Number | | atitude / Longitude (m) Record
GUELPH TURFGRASS CS 6143069 4333 /8013 328 1954-2003
Stone- Vicloria Rd 42 years
WATERLOO WELLINGTON 6149387 4327/ 8023 317 1971-2003
AIRPORT RR 17 Fountain Street 31 years
3km s of Breslau
FERGUS SHAND DAM 6142400 4344 / 8020 418 1962-2003
Belwood Road 38 years
Lake Belwood

The AEC statistical summary flags records that are considered to have intensities

greater than a 100 year storm event. These are defined as outliers or data points that
depart significantly from the main data trends. The location of the rainfall gauging stations
is illustrated in Figure 2.1 The Guelph Turfgrass station is located between the other two
rainfall gauges, approximately 22 km from the Fergus Shand Dam and 15 km from the
Waterloo Airport.
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Figure 2.1 Location of Rainfall Gauges

The Waterloo Airport rainfall volume records (mm) and the Guelph Turfgrass Station were
reviewed for statistical trends ( mean and standard deviation). The statistical summary of
maximum annual rainfall for 9 durations (H, hours) where obtained from AES are
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illustrated in Table 2.4. The mean and standard deviation showed good agreement
between these two stations. The Waterloo Airport gauge was used to supplement missing
or gap data for the Turfgrass station considering the relatively good agreement. Close
proximity of the two stations was also another consideration. The Shand Dam in Fergus
was not analyzed in detail but showed similar statistical characteristics to the other two
stations. It was used to review general rainfall trends for data prior to 1971 for Waterloo
Airport ( 1971-2003) and Guelph Turfgrass (1954-2003).

Table 2.4 Comparison of Guelph Turfgrass and Waterloo Airport Stations

Guelph Turfgrass
Mean Values

AR =

9.5 13.4 16 204 24.2 28.4 371 42.3 49.8

g w 9.2 12.9 15.9 21.4 26.7 32.1 41.1 47.0 54.7
i Rainfall Duration

Minutes _ 5 10 15 30 60 120 | 360 | 720 | 1440
Guelph Turfgrass
SDEV 3.1 47 5.9 86 | 113 | 117 | 123 | 145 | 165

2.9 44 5.5 9.2 14.7 17.2 18.6 18.3 18.5

=

AES analysis flags extreme values (100 year) based on the outcome of the Gumbel
frequency analysis for various rainfall durations. The statistical analysis provides the
maximum values that can be expected. The following observations of less frequent
rainfall events were made from the raw AES rainfall data for all three stations and where
100 year exceedances where identified

Table 2.5 Comparison of Less Frequent Rainfall Volumes(mm) for the 100
Year Rainfall at 3 Stations

Guelph Turfgrass Waterloo Airport | Fergus ShandDam [ o oo

(16) (WA ey

Qe":g:gi‘ 1954-2003 (43yrs) 1971-2003 (31yrs) '1:962'-_2&!}31_(3!5"1_3} Year- Denotes outliers (TG)
Hmlﬂdﬂs 1974, 1975, 1992-1996 1889, 2001 1969,1871,1986,1995 na — record not available
Duratl ' =
(hours) | 6H 6H | 12H | 240 | eH | 12H | 24H
L= = —— - - 1 - = gl 3 . !

na na na na na na 24H high at TG max +, Haze!

na na na 111.0 113.5 116.8 | 6H,12H SD max +, low at TG
1968 . . na na na 64.5 65.0 117.6 | 24H at SD just below max
1974 na na na 30.5 4.7 47.5 46.5 63.8 65.5 6H-24H at WA &SD agree
1975 na na na 82.3 91.2 93.7 35.3 422 44.7 6H-24H at WA below max
1982 67.2 69.0 69.0 69.5 69.7 69.9 29.2 31.2 34.0 6H-24H at WA &TG below max
1985 40.6 43.7 46.2 88.8 89.4 89.7 na 81.2 81.2 6H-24H at WA & TG below max

&) EarthTech

K TLJC O nismatisna) Ld. Compary May 2007 Page 5




RAINFALL FREQUENCY ANALYSIS ity
AND IDF DESIGN CURVE UPDATE ?Guelph

It should be noted that the 1968 records for Turfgrass where exceeded for the 1H, 2H not
shown and the 6H. The 24H value of 79.9 when compared to the 117.6 at Shand Dam
may suggest that the Turfgrass gauge may have failed to record the full 24H volume. No
explanation is offered for the 1967 Turfgrass (low) when Shand Dam recorded an
extreme event, other than the separation distance and spatial variation of the rainfall
event.

The Guelph Turfgrass station has 7 years of missing records and the data from the
Waterloo Airport can be used to fill in the gaps in data for the rainfall frequency analysis.
This would include the 1974 records, which have good agreement with the adjacent
Shand Dam. The1975 Airport record had 50% higher rainfall for 6H to 24H duration than
Shand Dam. The missing data from 1992 to 1996 for the Turfgrass station can be
supplemented with the Waterloo Airport rainfall data, which generally had good
agreement with the Shand Dam rainfall (missing 1995 data) for all durations.

Looking at rainfall trends greater than 100 year maximum, Turfgrass had recorded the
1954 24H rainfall 115.8mm (Hurricane Hazel last 3 hours 112mm) exceeding the
maximum 100 year of 101.5mm. Shand Dam had 1967 and 1968 24H values near the
maximum annual of 120.7mm. Guelph station over the 43 years of records has had very
few rainfall extreme events other than 1954 (Hazel) that exceeded the 100 year 24H
maximum. The next highest record for Turfgrass was 1968, 1H, 2H exceedance and 6H
to 24H where a rainfall of P=79.5mm would approximate equal to a 12H 50 year event
and it's possible that the gauge failed.

The rainfall consolidated frequency analysis will use the existing and supplemental raw
rainfall data to derive statistical data for each of the 9 durations and for the six recurrence
intervals previously noted. This data will be “curvefit" using regression analysis ( least
squares fit) to derive the IDF parameters (a,b,c) for the City of Guelph Turfgrass station. A
brief description of the process will be presented in the next section of this report.

© EarthTech
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3.0 CONSOLIDATED FREQUENCY ANALYSIS

Consolidated Frequency Analysis (CFA) is a statistical analysis program developed by
Environment Canada in 1976 (updated 1988) for the analysis of both rainfall and flooding
data from a network of stations. The program has a number of probability distributions
that can be used for statistical analyses. The program has capabilities for the analysis of
extreme data (outliers). There is a comprehensive reference manual prepared by
Environment Canada Surveys and Information Systems that can be download from their
website. CFA version 3.1 was used for this rainfall analysis using a three parameter log
normal (3LN) distribution. It has been found that the inclusion of a third parameter will
greatly improve the normalizing, hence the name, three parameter lognormal distribution.

Rainfall events can seldom be described by the standard normal distribution and more
often the events are skewed. The transformations “normalize” the skewed distribution so
that well known normal distribution properties can be used to draw statistical conclusions.
The 3LN method is attractive since data can be extrapolated beyond the range of
observed values to obtain values for less frequent events (greater than 100 years). The 3
parameter lognormal transformation (3LN) implies that the logarithms of the data set are
normally distributed according to the equation y = In(x-a). The plotting position
(exceedance probability, P) of the ranked data in this analysis uses the Hazen formula
P= (2r-1)/2n where, r is the rank or order (largest to smallest) of the data and n is the
sample size or number or observations. The following is the generalized formula for
deriving plotting position:
i— 0

w+ 1 =26

) —

Where, r is the ordered rank of a sample value, n is the sample size, and b is a constant
between 0 and 1, depending on the plotting method. A value of b=0.5 is used in the
Hazen formula for plotting position. The Hazen formula tends to produce some what
higher values for the probability than other statistical methods.

The following Tables 3.1 (a) and (b) provide a summary of the statistically derived (3LN)
maximum annual rainfall volumes (mm) and intensities (mm/hr) for various durations and
storm recurrences. This analysis is based on extending the 43 years of available data at
the Turfgrass Station with an additional 7 years of data from the Waterloo Airport. The
frequency analysis will be completed with and without outliers identified by the CFA
program. The modified maximum annual rainfall volume dataset used for input in the CFA
program is provided in Appendix A. A comparison of the results will be made both with
and with out the extreme values (outliers). The limited number of outliers that have
occurred for the Turfgrass station are not expected to change the results significantly. The
data can also be extrapolated to produce more frequent events like the 1 year recurrence
which can be useful for water quality evaluations. The 3LN statistical analysis can be
extended to predict higher than 100 year recurrence interval with some caution. The
rainfall depths or volumes (mm) used in the analysis were expressed as rainfall intensities
(in mm/hr) using the corresponding value for each duration.

&) EarthTech
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Table 3.1 (a) Consolidated Rainfall Frequency Analysis (3LN)

Guelph Turfgrass Station Rainfall Volume (mm) Outliers Included
Recurrence Interval In Years
Time (min) | 1.003 | 1.05 [ 1.25 | 2 5 10 20 25 50 100 | 200 | 500
5 122 |422 |671]941 [122 [137 |148 | 1560 [ 16 16.7 | 17.3 | 179
10 378 | 651 | 942|125 |16.8 |[196 |222 | 227 | 254 [27.8 |301 | 330
15 516 | 7.09 | 100|148 | 202 [239 |276 | 284 |326 [364 |403 |456
30 717 | 103 | 136|185 |26.1 |[317 [377 | 392 |464 |[5837 |617 [735
60 103 | 131 | 162 | 212 | 297 | 366 |446 | 467 | 571 | 684 |817 |103.0
120 134 | 164 | 198|253 | 346 | 423 |[51.0 | 533 [649 |77.4 922 |116.0
360 192 | 230 | 273|339 |449 [536 [634 | 659 |784 |917 [107 | 131.0
720 200 | 253 | 310|395 |526 |627 |734 | 760 [89.1 |102 | 117 |139.0
1440 250 | 311 | 375|468 | 609 |713 |[822 | 848 [97.7 |111 [124 | 145

Table 3.1 (b) Consolidated Rainfall Frequency Analysis (3LN)

Guelph Turfgrass Station  Rainfall Intensity (mm/hr) Outllers Included
Recurrence in interval Years
Time (min) | 1.003 | 1.05 | 1.25 2 5 10 20 25 50 100 200 500
5 146 | 506 |805/|112.9 | 146.4 | 164.4 | 177.6 | 180.0 | 192.0 200.4 | 207.6 | 214.8
10 22,7 | 39.1 547 | 75.0 | 100.8 | 117.6 | 133.2 | 136.4 | 152.4 | 166.8 | 180.6 198.0
15 206 | 320 |43.6|59.2 |808 |956 110.4 | 113.7 | 1304 | 1456 | 161.2 | 182.4
30 143 | 206 |272|37.0 |522 |634 75.4 78.3 | 92.8 107.4 | 123.4 | 147.0
60 10.3 | 131 16.2 | 212 | 29.7 | 36.6 44.6 46.7 | 571 68.4 81.7 103.0
120 6.7 8.2 99 | 127 [173 |21.2 255 26.7 | 325 38.7 46.1 58.0
360 3.2 3.8 46 |57 7.5 8.9 10.6 11.0 | 131 15.3 17.8 21.8
720 1.7 2.1 26 |33 4.4 5.2 6.1 6.3 7.4 8.5 9.8 11.6
1440 1.0 1.3 16 |20 2.5 3.0 3.4 3.5 4.1 4.6 5.2 6.0

Tables 3.1 (a) and (b) are based on extending the records for the Turfgrass Station from
43 years to 49 years and includes the outliers. Tables 3.2 (a) and (b) provide the results
of the 3LN analysis without the outliers which exclude the1954 24H, 1968 1H & 2H and

the 1982 2H data.

The 3LN analysis can be compared to the Gumbel Extreme Value (GEV) analysis which
is provided with the MSC (AES) data. It has been shown by Chow that the Gumbel
distribution is essentially a lognormal with constant skewness. In the comparison there is
very good agreement for lower frequency events and in general the 3LN analysis
generates somewhat higher values for the 50 year and 100 year rainfall volumes for

durations greater than 2H.
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Table 3.2 (a) Consolidated Rainfall Frequency Analysis (3LN)

Guelph Turfgrass Station Rainfall Volume (mm) Outliers removed
Recurrence Interval in Years
Time (min) | 1.003 | 1.05 | 1.25 2 5 10 20 25 50 100 | 200 | 500
5 122 | 422 | 671 | 941 | 122 | 137 | 148 | 150 | 16 | 167 | 17.3 | 17.9
10 378 | 651 | 912 | 125 | 168 | 19.6 | 222 | 227 | 254 | 278 | 30.1 | 33
15 516 | 7.99 | 109 | 148 | 202 | 239 | 276 | 284 | 326 | 364 | 403 | 456
30 747 | 103 | 136 | 185 | 26.1 | 31.7 | 37.7 | 39.2 | 464 | 53.7 | 61.7 | 73.5
60 075 | 120 | 162 | 21.1 | 286 | 343 | 402 | 416 | 487 | 559 | 63.6 | 75
120 126 | 161 | 198 | 25 | 326 | 381 | 43.7 | 450 | 51.6 | 57.9 | 64.6 | 74.1
360 192 | 23 | 273 | 339 | 449 | 536 | 634 | 659 | 784 | 91.7 | 107 | 131
720 20 | 253 | 31 | 395 | 526 | 627 | 734 | 76.0 | 891 | 102 | 117 | 139
1440 238 | 307 | 375 | 467 | 593 | 67.7 | 759 | 77.7 | 86.7 | 948 [ 103 [ 114

Table 3.2 (b) Consolidated Rainfall Frequency Analysis (3LN)

Guelph Turfgrass Station  Rainfall Intensity (mm/hr) Outliers removed
Recurrence Interval in Years
Time (min) | 1.003 | 1.05 | 1.25 2 5 10 20 25 50 100 | 200 | 500
5 146 | 50.6 | 80.5 | 112.90 | 146.4 | 164.4 | 177.6 | 180.0 | 192.0 | 200.4 | 207.6 | 214.8
10 227 | 391 | 547 | 75.0 | 100.8 | 117.6 | 133.2 | 136.4 | 152.4 | 166.8 | 180.6 | 198.0
15 206 | 320 | 436 | 59.2 | 80.8 | 956 [ 110.4 | 113.7 | 130.4 | 1456 | 161.2 | 1824
30 143 | 206 | 272 | 370 | 522 | 634 | 754 | 783 | 928 | 107.4 | 123.4 | 147.0
60 98 | 129|162 | 211 | 286 | 343 | 402 | 416 | 487 | 559 | 63.6 | 75.0
120 63 | 81 | 99 | 125 | 163 | 191 | 219 | 2255 | 268 | 29.0 | 323 | 371
360 32 | 38 | 46 | 57 7.5 80 | 106 | 11.0 [ 131 [ 153 | 17.8 | 21.8
720 1.7 | 21 | 26 | 33 4.4 5.2 6.1 6.3 7.4 8.5 98 | 116
1440 10 | 1.3 | 16 | 19 2.5 2.8 3.2 3.2 3.6 4.0 4.3 4.8
&) EarthTech
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4.0 INTENSITY-DURATION-FREQUENCY CURVES

4.1 IDF Design Curves

The Meteorological Service of Canada (MSC) rainfall station data can be statistically
analyzed to produce updated Intensity-Duration-Frequency (IDF) curves. In this report the
three parameter lognormal (3LN) distribution was used to derive the intensities. The IDF
relationship and curves provide a distribution of maximum rainfall values that can be
expected for given durations. The derivation of IDF curves and parameters requires the
transformation of raw precipitation intensities for a series of annual maximum values for
various durations (e.g. 5, 10, 15 min).The adjustments of these recorded annual extreme
values are transformed using statistical relationships. These statistics provide the
probability of different rainfall intensities occurring for different durations (5, 10, 15, 30
minutes and 1, 2, 6, 12, 24 hours) and are valid for a specific location that are analyzed.
Each IDF curve represents a certain frequency of recurrence or a certain return period
expressed in terms of years. They are based on the available period of rainfall records
with longer records providing a better statistical fit and representation. There are a
number of empirical relationships that are used to derive the IDF curves and synthetic
design storms, the most popular being the Keifer and Chu (1957) known as the Chicago

Method
i=a/(t+b) ¢, where

i = average rainfall intensity (mm/hr or in/hr)
td = storm duration (minutes)
a,b,c = constants dependent on units used and return frequency

The method requires selection of parameter r (where 0 < r < 1) which defines

the time to peak &, ,which is a point when the rainfall intensity is a maximum within the
selected storm duration td. Typically values of r=ty/ts, 0.3 to 0.5 (i.e. storm peaks at 30%
to 50% of the duration) are used to distribute the rainfall intensities. The values of a, b
and ¢ are derived from the statistical rainfall frequency analysis for a particular duration
and recurrence or return period that is being used for the design of water resources

structures.

The rational method uses a single point on the IDF design curves to obtain an average
intensity for a duration that is equal to the time of concentration of the catchment to
optimize the peak flow value. Other methods such as the SCS methods generalize the
rainfall data taken from the IDF curves and create mass rainfall distributions for various
percentiles and regions. These synthetic storm pattems are used in various hydrologic
models to generate hydrographs and peak flow rates for various storm recurrences.
There are a number of other distributions that can also be used and selected by the water

resources modeler.

Updated IDF curves for the City of Guelph were developed using rainfall data collected by
Meteorological Services Canada (MSC) Environment Canada formerly AES for the
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Guelph Turfgrass Station. Supplemental data from the adjacent Waterloo Airport was not
significantly different when compared statistically (Table 1.2). This annual maximum data
was used to fill in missing years and to extend the Turfgrass records from 43 years to 49
years. The City of Guelph's current IDF relationships and curves for various return
periods were derived from 16 years of records at the Arboretum at the Guelph Agricultural
College. These were completed for the City of Guelph by James F. MacLaren consulting
engineers in the early 1970’s and needed updating.

The empirical relationship that was used to derive the IDF curves and synthetic design
storms was that proposed by Keifer and Chu (1957) also known as the Chicago Method
in the form of equation previously described.

i=a/(ty+b)° , where

i = average rainfall intensity (mm/hr)
ty = storm duration (minutes)
a,b,c = constants dependent on units used and return frequency

The updated IDFdesign parameters that are being recommended for the City of Guelph
are summarized in Table 4.1 for various return periods from one year to 100 year. The
rainfall intensities in the Rational Method of design are based on using a storm duration
equal to the time of concentration. The following is an example of the equation for the
updated IDF relationship for a one year return period for the City of Guelph:

316.91
(td + 6-18) 0.7562

Table 4.1 Summary of Updated Intensity Duration Frequency (IDF)
Parameters for the City of Guelph

Recurrence Interval in Years
1-yr 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr
€ 316.91 509.17 835.70 1129.90 | 1710.72 | 2499.69 | 3811.79
b 6.18 2.15 3.84 5.61 9.09 13.33 19.09
s .756 .764 .799 .818 .851 .883 925

Note: parameters a & b rounded to two decimal places, ¢ value to 3 decimal places. Based on 49 years
of records to 2003 for the Guelph Turfgrass Station

A comparison of the updated IDF curves (49 years of record, 3LN) with those currently
being used by the City of Guelph (16 years of record) for a 60 minute duration indicates
that the updated IDF curves rainfall intensities are generally lower. The rainfall intensities
are respectively 17% and 20% lower for low event storms (2 and 5 year),19% and 16%
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lower for mid-range storms (10 and 25 year) and 11.5% and 5.5% lower for less frequent
storm (50 and100 year) than those currently being used by the City of Guelph.

Although not detailed in this report, a comparison was also made between statistical
methods using the standard Gumbel Extreme Value (GEV) used by MSC and the 3LN
method used to derive the parameters in this report. In general, there is good agreement
with more frequent storm events ( 2 to 10 year) and the 3LN will tend to produce higher
values 10 to 5% for less frequent storms respectively ( 50 and 100 year) than the GEV
method.

All comparisons were based on using a 60 minute duration and percentages will vary for
other durations. This provides some sense of the deviation that can be expected from the
statistical model selected. This information will be used to address possible adjustments
that could be made when looking at global warming rainfall trends.

A graphical representation of the updated IDF curves being proposed for the City of
Guelph will be presented. The parameters were derived from the Consolidated Frequency
Analysis 3LN and the least squares regression analysis Miduss Curvefit (Alan A, Smith
Inc.). The proposed design curves can be plotted on log-log paper. An example of the
updated one year IDF design curve for the City of Guelph is shown in Figure 4.1. Also for
comparison Figure 4.2 (a) and (b) shows the updated 2 year curve plotted with the city's
current design curve. The rainfall intensities for the current IDF curves were found to be
17% higher than the updated for a one year event and generally about 15% higher for the
5 and 10 year storms.

The updated IDF design curves for the City of Guelph for storm recurrences from 1-year
to 100-year including curve fit data and the IDF parameters are shown in Appendix A.

Wl 1 2 4 'y 12 L hours

O o Demh s |
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1.00] 0 [1310 [131 137 139N

2000 120 [16.40 [82 1634 817

300[ 180 1526 609

400 240 1971 493

6.00[ 360 [2280 |38 2136 365

1200 720 |520 [21 2809 247
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Figure 4.1 Intensity Duration Frequency Updated Design Curve 1-Year (3LN)
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Figure 4.2 (a) Comparison of Current City 2 Year IDF Design Curve
with Updated 2 Year Curves
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Figure 4.2 (b) Comparison of City Current 2 Year IDF Design Curve
with Updated 2 Year
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The statistical analysis was based on the recording rain gauge at the Turfgrass Station for
42 years of records and 7 years of missing records derived from the Waterloo Airport.

The updated IDF design curves being recommended for the City of Guelph for all storm
recurrences are shown in Figure 4.3.The IDF parameters derived from the frequency
analysis and least squares fit are also summarized in the previous Table 4.1.

mm/thr
1000-rm 1 2 3 6 12 24 hours
City,
Guelph
100—
101
;5198 years
2 ar s o
1e dars
5 yvdrs
years
1 years
|

1
minutes 10000

Figure 4.3 Updated IDF Design Curves for the City of Guelph
For a various Storm Recurrences Updated to 2003

The Miduss Curvefit program also calculates the total rainfall volume from the CFA
intensities used to derive the IDF parameters for various recurrences and duration. These
durations are typically used in hydrologic modeling depending on response time of the
catchment. Typically for a storm duration 2 to 3 times the catchment response is used and
higher values ( 6 to 12 hours) for the design of stormwater management ponds including
sediment and erosion control. A storm duration of 3H for a 1 year event would typically be
used for the evaluation and sizing of facilities for stormwater quality improvements. The
rainfall volumes can also be used in for derivation of the distribution of synthetic storms,

Chicago, SCS or Huff storms.
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The annual maximum rainfall volumes are summarized for 1H, 2H, 6H, 2H and 24H
durations for various recurrences in Table 4.2 The table also shows both the values from
the 3LN analysis and from the AES Gumbel analysis for comparison. A third comparison of
rainfall volume can also be made with the Rainfall Frequency Atlas which uses the Gumbel
series, however, only a 6 hour duration is available from the atlas. The point rainfall volume
(X7) can be derived knowing the mean volume (X) and adding this to a frequency factor (K)
for various recurrences, this value times the standard deviation (S). The equation takes the
form X7= X + KS . The parameters for the City of Guelph for a 6 hour duration have been
estimated from the rainfall atlas contours. A mean rainfall

volume of X=42mm and S=19mm were used for the city. These will be used as general
guide for comparing the results of the 3LN frequency analysis and GEV. The 6 hour
maximum rainfall volumes (mm) from the atlas are highlighted in blue.

Table 4.2 Summary of Rainfall Volumes (mm) for various Storm Durations and
Recurrences Comparing Statistical Methods

Rainfall Volumes (mm)

Recurrence in years

Duration 1 2 5 10 25 50 100

Howrs | BV cev |BIN | cev | 4N cev | 8N | cev [an | cev |8 | cev @] cev

1H 133 | na | 217|223 | 302 | 323 | 369 | 39.0 | 465 | 47.3 | 56.4 | 53.6 | 67.0 59.3
2H 164 | na | 259 | 26.4 | 35.6 | 36.8 | 43.54 | 43.7 | 54.6 | 524 | 66.5 | 58.8 | 79.5 65.2
6H 299 | na | 339|351 | 451 | 46.0 | 54.4 | 53.2 | 66.9 | 62.3 | 80.4 | 69.1 | 94.4 75.8

12H 26.1 na | 40.1 | 40.0 | 521 | 52.8 | 622 | 61.3 | 75.0 | 72.1 | 88.6 | 80.0 | 101.8 87.9

24H 310 | na | 473 | 471 | 600 | 61.7 | 70.8 | 71.3 | 83.6 | 83.5 | 96.9 | 92.5 | 108.5 101.5

6H Atlas na 39 55 67 81 91 102

There is generally good agreement between the statistical methods for lower events up to
and including the 25 year recurrence. The 3LN rainfall volumes are somewhat higher than
the GEV for higher event storms (50 years and 100 years). The 3LN 6H and 12H rainfall
volumes for the 50 and 100 year is respectively about 15 to 25 % higher than for the GEV
distribution. The GEV rainfall volumes were obtained directly from the statistical analysis
of AES records for the Turfgrass Station. The 3LN rainfall values are derived from the IDF
curvefit parameters and also shown in Figures A-1 to A-6.

The rainfall volumes from this analysis can be compared to those derived from the city’s
current IDF relationships for various recurrences and storm durations. This is illustrated in
Figure 4.3. In general the new rainfall volumes or depths are lower than current by
approximately 10 to 15%. This trend changes for the longer durations approximately at
the 25 year recurrence and up to the 100 year, where the new volumes are somewhat

?_@_Earth_Tec_h
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higher than the city's IDF curves. A comparison of the current and new rainfall volumes is
shown in Eigure 4.3. The rainfall volumes for the new IDF curves are somewhat higher
than the current city curves by 5 to 7% for the 50 and 100 year storm for 12 and 24 hour
durations. The statistical analysis for the new IDF curves included the extreme values or
outliers.

Table 4.3 Summary of Rainfall Volumes (mm) for various Storm Durations and
Recurrences Comparing Current City IDF and New

Rainfall Volumes (mm)

Recurrence in years

Duration 1 2 5 10 25 50 100

Hours Gur New CuF II New C';urr New : éurr New | Curr | New G:rr_ New : G&]‘r ' New
.5H 105 | na 21.2t | 17.98 | 30.46 | 25.07 | 37.29 | 30.40 | 44.85 | 37.73 | 51.25 | 44.87 | 57.64 52,05
1H 13.31 | na 26.14 | 21.74 | 37.60 | 30.20 | 45.72 | 36.88 | 55.63 | 46.46 | 63.63 | 56.39 | 71.69 66.98
2H 16.34 | na 3119 | 26.95 | 4389 | 3557 | 52.73 | 43.36 | 64.20 | 54.57 | 73.24 | 66.53 | 82.35 79.48
3H 18.26 | na 34.28 | 26.69 | 47.26 | 38.91 | 56.29 | 47.25 | 68.27 | 59.15 | 77.65 | 71.89 | 87.08 85.57
6H 21.90 | na 39.92 | 33.95 | 52.74 | 45.11 | 61.75 | 54.28 | 74.06 | 66.94 | 83.66 | 80.43 | 93.25 94.34
12H 26.09 | na 46.19 | 40.08 | 58.12 | 52.08 | 66.80 | 61.97 | 78.92 | 74.99 | 88.43 | 88.63 | 97.84 101.77
24H 31.00 | na 5328 | 47.26 | 63.63 | 60.00 | 71.73 | 70.52 | 83.32 | 8357 | 92.53 | 96.91 | 101.55 | 108.52

The rainfall volumes for the new curves may be used for simulation modeling should the
city wish to retain their current IDF parameters for Rational Method design of storm
sewers.

4.2 Regulatory Storm

Hurricane Hazel (October 14 and 15,1954) or the Regional Storm is a historical rainfall
event that affected the Greater Toronto area and is considered the extreme rainfall event
characteristic to Southwestern Ontario. The storm is used for the delineation of regulatory
floodlines by the Conservation Authorities in Ontario for watersheds within the affected
zone (Central and Western Ontario). The storm created considerable flooding damage
and was preceded by low intensity rainfall (73mm in the first 36hours) that saturated the
ground depleting potential infiltration. It has been estimated that nearly 90% of the rainfall
was converted to runoff. The main part of the storm (36" to 48" hours) produced an
additional 212mm of rainfall in12 hours with approximately 50% of this total falling within
the last 3 hours of the storm. When applying the 12 hour part of the storm, wet
antecedent moisture conditions should be used to simulate the 73mm of initial rainfall.
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The rainfall volume of 212 mm that fell over last 12 hours is approximately two times
greater than a 100-year storm event for long-duration (12 and 24hour) maximum annual
precipitation recorded at the Guelph Turfgrass station. The largest hourly intensities for
the last 3hours of this storm were 53, 38, 13 mm/hr (112 mm of rainfall). For rainfall
lasting 3 hours, the rainfall volume of 112mm is in general terms approximately equal to a
250-year rainfall event if interpolated (for 3hours) from our dataset. The 6H values from
the Climatic Atlas which characterizes more Regional values tends towards the higher
values for this two recurrences which leans to accepting the higher 3LN values.
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50 CLIMATE CHANGE AND DESIGN IMPACTS

As part of the development of design storms, a brief literature review was conducted to
assess the potential increase in rainfall due to climate change. Although there is no
consensus in the literature regarding whether climate change has already resulted in
higher rainfall or whether climate change will, in fact, even result in higher rainfall at all,
there is some support among researchers for a 15% increase in rainfall depth in Canada
(Hengeveld, 2000, Ciarmatiori et al, 2000, Watt et al, 2003).

Faced with a potential increase in 15% in rainfall depth, the following recommendations
are made.

a. Storm Sewer Design

The only implication on storm sewer design is that the new IDF curves may result in a
smaller level of service than originally intended.

For example, since a 5-year storm is roughly 15-20% larger than a 2-year storm, climate
change may effectively decrease the level of service of some pipes from 5 years to 2

years.

Similarly, climate change may effectively decrease the level of service of a pipe designed
for a 2 year storm to something slightly less than 2 years. However, since the pipes
typically have some reserve capacity based on the requirement to use standard pipe
sizes, and since there is ultimately no problem with a slightly lower level of service, the
recommendation is to make no allowance in storm sewer design for the potential effects
of global warming. In addition the City has indicated that they will likely retain the current
IDF curves which will are generally 15% higher than the new and in this way account for
the potential global warming increases. The level of surcharging and the connectivity of
private drains would need to be looked at to determine impacts and develop management
schemes to reduce the impact. In some cases capacity upgrades may be necessary to
convey the increased flow rate. In general the differences may also be within the
tolerances of the model used to design the facility.

b. Stormwater Management Facility - Water Quality Design

The sizing of permanent pool volumes and extended detention volumes for water quality
design of stormwater management facilities, are based on Table 3.1 of the MOE
Stormwater Management Practices Planning and Design Manual. Since a design storm
is not used when applying this Table, the change in design rainfall due to global warming
may not change how the ponds are designed. More rainfall may cause runoff to bypass
the facilities slightly more often, but the long-term operation may not be significantly
impaired. Since the only impact is a small potential increase in uncontrolled runoff due to
increased bypass, it is not recommended to change the water quality design until such
time as the MOE revises Table 3.1.
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c. Conveyance Design and Flood Control

Quantifying potential impacts on flood control due to utilization of larger design storms is
made complex because of the use of different storms for pre-development, existing, short
term, and long term situations. Redrawing flood elevations and revising hydrologic
calculations for existing conditions is an extremely complex task. As a result, the
preferred approach is not to change the design storm, but to make over-control of flow an
objective where appropriate to address potential for climate change. It is recommended
that all stormwater management facilities target a release rate of 85% of pre-development
rates for the 100-year storm to offset potential impacts of global warming on flooding
potential. This would have to be reviewed with respect to new and existing IDF curves
that are adopted by the City. Retaining the current IDF curves would make allowances for
the global warming. Existing facilities reduced outflow rate, storage capabilities and any
hydraulic surcharging would have to be reviewed.

&) EarthTech

A TLJCO Intemational L4 Compary May 2007

Page 19



RAINFALL FREQUENCY ANALYSIS City,
AND IDF DESIGN CURVE UPDATE E’}Uelph

6.0 BENEFITS AND SHORTFALLS

The city has indicated that they would prefer to retain the existing IDF curves and higher
values. ETC is providing our comments on this approach. This would allow make an
appropriate allowance for global warming trends and simplifies overall design for new
stormwater systems and also for the redesign or replacement of older infrastructure. The
benefits and shortfalls of retaining the current IDF curves and rainfall volumes can be
summarized as follows.

6.1 Benefits

Rational Method of sewer design for new facilities and replacement of aging
infrastructure will be consistent

Provides a margin of safety for subjective selection of various design
parameters for hydrologic modeling

Provides a margin of safety for the design of stormwater management
facilities

Provides reserve capacity for global warming trends indicating increasing
rainfall volumes and intensity of storm events

Previous and new watershed and sub-watershed hydrologic study, Master
Plans, hydraulic studies findings remain valid

6.2 Shortfalls

Computer modeling simulations using mass curve or Chicago distribution
used for verification, validation and comparison of monitored flows not
representative

Additional capital costs for new infrastructure or replacement and oversizing
of stormwater detention facilities for less frequent events
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7.0 SUMMARY AND CONCLUSIONS

The characterization of precipitation frequency is an important component in hydrologic
investigations and engineering design. MSC has collected annual maximum precipitation
data at various locations within and near the City of Guelph. The longest period of records
(43 years) is within the city and the adjacent stations provide some sense of the spatial
distribution for comparison in assessing the frequency of annual maximum precipitation.
The MSC data set identifies periods of missing records and also extreme events that
have occurred. The data compiled for this study indicate that maximum precipitation
values for 3 particular years generally were much greater than those for the other years
because of extremely large rainfall amounts associated with storms in 1954 (24H),1968
(1&2H) and 1982 (2H) (,refer to data set table A-1in Appendix A. The presence of these
unusually large values not consistent with trends (outliers) will tend to influence statistical
results. To determine the effects of large events storms, the annual maximum values
were computed for two data sets, the full set and one which excluded the extreme values.

A comparison of rainfall values with and without ouliers was completed. It can begf seen
that the differences in rainfall volume or intensity appears in the duration series that were
removed. The 1H and 2H data (1968), the 2H (1982), the 2 &4H 1954 and the 24H
(1954) were deleted from the data set to review differences. It's recommended that the
City that the results with outliers in should be used to derive the IDF curves.

The city has indicated that they will be retaining current IDF Curves. ETC recommended
that the IDF curve figure be annotated to show the review of available (49 years, to 2002)
records has been completed and are generally lower in value. The city are retaining
current higher curves to account for the potential global warming trends. The City should
continue to update their IDF curves and suggest that this be completed in 5 years.

Respectfully Submitted,
Earth Tech Canada

Joseph P. Falcone, M. Eng., P. Eng
Senior Project Manager
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Appendix A

Rainfall Analysis Data and IDF Curves
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Table A-1 Modified AES Rainfall Records, Guelph Turfgrass which includes Missing
Data

STATION

6143069 1954 6.3 12.2 17.3 226 239 25.1 50.3 83.1

§143080 1955 127 150 157 183 216 269 28.7 39.1 8.5
5143089 1958 8.9 122 135 17.8 19.8 305 37.1 57.1 66.3
6143069 1957 6.9 9.1 99 127 16.5 19.0 30.5 325 51.3
8143069 1958 114 14.7 16.0 17.8 196 21.1 356 53.8 58.7
6143089 1959 7.4 8.9 10.4 127 150 18.5 26.2 27.2 272
6143088 1960 150 19.6 198 198 28.2 32.8 487
6143069 1861 7.9 12.4 13.2 16.8 201 31.5 378 37.8 50.0
£142089 1962 10.8 11.4 14.2 155 224 27.7 37 33.3 54.4
5143068 1963 9.4 132 155 185 19.8 22.1 27.4 317 34.8
6143069 1964 11.4 16.8 22.1 323 437 43.7 45.0 450 51.8
6143069 1965 11.9 15.0 17.3 17.8 17.8 16.0 30.0 358 455
51423069 1966 36 48 6.9 102 15.0 27.9 455 45.7 55.1
6142069 1967 6.9 9.1 1.2 147 231 33.0 439 5.2 452
§143069 1968 127 19.0 25.7 40.9 795 795 79.5
6143069 1969 36 6.1 8.1 9.1 11.9 21.1 462 46.2 46.2
£143069 1970 9.1 150 18.3 269 307 317 335 2.8 343
5143069 1971 12.7 254 305 394 394 422 60.7 61.0 61.0
5143082 1972 7.9 109 127 155 20.8 22.4 212 30.2 483
£143089 1973 54 99 117 18.3 221 27.2 31.2 32.3 333
5149387 1974 78 19 8.9 124 14.0 15.7 305 a7 475
5149387 1975 147 165 17.3 229 269 50.5 B2.3 812 837
5142568 1976 53 7.4 10.2 12.2 137 214 40.1 65.8 706
5143089 1977 11.2 16.8 216 224 24 224 226 228 256
5143063 1978 10.1 129 13.2 134 15.4 177 228 266 357
5143069 1979 11.7 12.0 12.0 14.7 18.7 257 372 38.4 425
5143069 1850 12.7 16.1 17.2 17.4 180 216 333 43.1 48.6
£143069 1981 58 10.1 137 17.2 178 21.2 27.1 355 9.6
£143069 1982 10.1 202 28.7 463 55.8 - 695 69.7 698
143069 1983 9.1 109 122 136 13.8 17.8 288 348 250
6143069 1984 130 17.7 217 237 239 247 267 26,7 418
61430869 1985 116 130 19.4 305 30.5 305 406 437 46.2
6143069 1286 15.7 197 225 29.2 20.8 340 506 62.5 83.8
6143089 1987 8.8 105 105 134 18.5 23.2 347 43.4 537
6143083 1988 10.1 17.4 242 323 33.2 515 529 52.9 53.4
8143069 1988 39 6.8 7.2 74 98 12.7 210 20.6 37.4
1430889 1880 11.4 16.7 18.7 23.2 30.3 33.5 39.6 41.1 41.6
6143069 1991 8.4 10.4 114 16.1 217 30.9 458 57.0 625
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Table A-1 Cont’d

£149387 1992 ol emen bompa ] ar ) 28 3 | e | asa | sso
5143357 1993 J om0 | 08 230 | s | 286 | oo | arw | s
6149387 1994 [ e0 | 123 Y ws | 22 | aaa | do0 | 426
B149387 1895 | o0 | e | a2 248 | 414 | 418 arzg__| a8
6149387 1996 100 120 | 148 153 17.1 sai | son 517
6143089 1997 136 150 156 28.2 28.4 28.4 29.2
6143059 1998 7.8 102 122 180 244 28.4 296 208 540
6143059 1399 122 2356 26.4 28,0 296 306 38.8 430 482
6143089 2000 8.2 146 176 232 2.8 276 212 382 418
6143088 2001 54 92 106 17.2 196 22.2 20.4 36.0 366
5142069 2002 150 214 248 24.8 248 248 314 514 438
5142089 2003 56 86 104 128 178 202 21.0 258 214

- Data from Waterloo/Mellington A

- No data available from adjacent stations

- Outlier identified by CFA

DATASET REPRODUCED FROM AES RECORDS AND MISSING RECORDS SUPPLEMENTED FROM WATERLOO AIRPORT STATION
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City of Guelph
Intensity Duration Frequency Design Curves
(Based on 49 years of rainfall records at Turfgrass Station, Guelph)

(1954-2003)
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City of Guelph

Intensity Duration Frequency Design Curves
(Based on 49 years of rainfall records at Turfgrass Station, Guelph )

(1954-2003)
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