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1.0 Introduction

Drought indicators can be defined as a set of variables that characterize the magnitude,
durati on, severity, and spatial extent of drought which allows for comparison of different
areas, countries and regions on different condition and aspects
2006) . Precipitation and stream flow are the indicators which are currently used to
determine the low water levels for individual watersheds. Currently, the Ontario Low Water
Response (OLWR) program does not have a groundwater indicator. Outstanding in the
development of a groundwater indicator is how closely a proposed groundwater in dicator

would statistically align with a surface water indicator

(Steinemann & Cavalcanti,

. The OLWR outlines the methodology

to calculate the Level I, II, and Il for surface water conditions (MNR, 2001). Calculation of
corresponding groundwater Level I, Il, and Il conditions are

percentile method. The 25

I, and the 5 ™ percentile corresponds to Level Ill conditions.

The objective of this project is to determine how clo
the calculated surface water L

through ranking the closeness of fit of the groundwater percent
equi valent declaration periods. From these results, determin

strongly to the surface low water condition, geographically and hydrostratigraphically, for
the potential inclusion into a drought monitoring network

provided by the MNR.

1.1 Ontario Low Wate

r Response

completed through the
™ percentile corresponds to Level I, the 10

™ corresponds to Level

sely the NVCA PGMN da ta aligns with
evel I/1l/11l declaration periods for all NVCA PGMN wells

ile against the surface water
e which suite of wells correlate

. Funding for this project was

The Ontario Low Water Response (OLWR) ensures low water conditions preparedness and to
support local response in the event of a drought. Three levels of low water conditions are

used to indicate the severity of the watershed conditions
and precipitation indicators on a monthly basis. Currently the OLWR program does not have
a methodology for calculating groundwater drought indicators
incorporate d itinto the program (Upper Thames River

indicator has been identified to be
Conservation Authority, 2008)
for the spring months and one for the rest of the year.
April, May, and June, are expected to b

. Table 1 illustrates

and are b ased on the stream flow
. Ho wever, a groundwater
the stream flow indicators perlevel : one

The s pring flow periods , defined as
e higher; therefore, the drought indicators are

expected to be higher than the other nine months. Although a drought indicator during the
spring months may not indicate low water conditions, it may indicate the potential of low

water levels during the summ

Table 1: Ontario Low Water Response stream flow d

er (MNR, 2001) .

rought indicators (Ministry of Natural

Resources, 2001) . Spring is defined as April, May, and June. Other times correspond to the

remaining 9 months.

Level |

Level | |

Level Il

Spring: Monthly flow <
100% lowest average
summer month flow

Spring: Monthly flow < 70%
lowest average summer
month flow

Spring: Monthly flow < 50%
lowest average summer
month flow

Other Times: Monthly flow <
70% of lowest average
summer mont h flow

Other Times: Monthly flow <
50% of lowest average
summer month flow

Other Times: Monthly flow <
30% of lowest average
summer month flow




The number of Level | and Il declarations made by the NVCA Low Water Response Team

were summarized on a quatern ary watershed level for the period of 2001 -2012, based on
internal documentation of low water declarations (Table 2) . It should be noted that low
water declarations (Level | or above) were made somewhere within the NVCA watershed in

only six out of the 12 years. Further, not every quaternary watershed declared a Level | in

each of the six years, and only five quaternary watersheds declared a Level Il. A Level lll

has not been successfully declared in the NVCA.

Table 2: NVCA Water Response Team low water d eclarationsummary f or | dedeladd (lfievel
2 26,jr002 -2012.
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1.2 NVCA Provincial Groundwater Monitoring Network Program

The PGMN is a partnership program between the Ministry of the Environment (MOE), 36

Conservation Authorities, and 10 municipalities. The PGMN program w as initiated in April of
2000 with the objective of collecting and managing ambient groundwater levels and quality
information. Monitoring these wells track changes in the groundwater quality and quantity

and sets baseline conditions that will help identif y long -term changes.
The NVCA operates 16 PGMN monitoring wells at 10 sit es within the watershed (Table 3 ),
with the majority of the well concentrated in the central - eastern aspect of the watershed.

One well (W486 -2) is located west of the Niagara Escarp ment (Figure 1). Physiographically,
the wells are overwhelmingly concentrated in the Simcoe Uplands and Simcoe Lowland
units. Also, well W223 -1 is located in the neighbouring CA, just outside the NVCA watershed

boundary. All wells are completed in unconsol idated overburden sediment.
Hydrostratgraphically, the wells are screened into three of the four main regional aquifers:
no well is completed into the deep regional aquifer 4. Three wells are completed into



unconfined aquifer conditions (W281

confined settings.

The wells are instrumented with data logging equipment

telemetry equipment

remote access to groundwater lev

monitoring wells and corrected for barometric pressure.

series outlined in Table 3 is the last available MOE approved corrected data available for the

NVCA PGMN wells.

Although level

limited amount of useable years is reflective of
NVCA PGMN w ells are less than five years old (i.e. W479

Table 3: NVCA PGMN Well Summary.

operational issues
-1, W490 -1, and W486 -2).

and in addition

-1, W291 -1, an d W292 -1) and the remainder in

some wells have
(e.g. W244 -2, W245 -2, W323 -2, W323 -3, and W323 -4, etc) to enable
el data. Groundwater levels are recorded hourly at all the

The end date for the corrected time

logger data collection commenced in 2002 for some wells, the NVCA has

varying amounts of GW level data for the 16 PGMN wells s ince program inception

. The

and the fa ct that three
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w223 -1 LSRCA Simcoe Uplands A3 confined Sep-03 Jul-12 86
W224 -1 Innisfil Oak Ridges A3 confined | Dec-02 | Jul-12 61

Moraine
W230 -1 Pine River Simcoe Lowlands A3 confined Mar-03 Jun-12 84
w231 -1 Middle Nott. Simcoe Lowlands A3 confine d Feb-03 Jun-12 60
W232 -2 Lower Nott. Simcoe Lowlands A3 confined Jun-03 Nov-10 78
W244 -2 Willow Creek Simcoe Uplands Al confined Feb-02 Jun-12 88
w245 -2 Willow Creek Simcoe Uplands A3 confined Feb-03 Jun-12 96
w281 -1 Middle Nott. Simcoe Lowlands Al un confined Mar-03 Jun-12 67
W291 -1 Lower Nott. Simcoe Lowlands Al unconfined Mar-03 Jun-12 89
W292 -1 Pine River Simcoe Lowlands Al unconfined Mar-03 Jul-11 63
w323 -2 Innisfil Creek Simcoe Uplands A2 confined May -03 Aug-12 87
W323 -3 Innisfil Creek Simcoe Uplands A2 confined May -03 Aug-12 96
W323 -4 Innisfil Creek Simcoe Uplands A3 confined May -03 Aug-12 95
W479 -1 Middle Nott. Simcoe Lowlands A3 confined Dec-08 Jun-12 77
W480 -1 Middle Nott. Simcoe Uplands Al confined Mar-09 Jul-11 93
W486 -2 | Upper Nott. Orangeville Al confined Mar-10 | Jun-12 100
Moraine




1.3 Water Survey of Canada Stream Gauge Network

The NVCA stream flow monitoring network consists of both weather stations and Water

Survey of Canada (WSC) and NVCA stream gauge stations . This project use d 7 WSC stream
stations due to overlapping time series with the groundwater data time series (Figure 1,

Table 4). It is noted that the WSC operates over 2500 hydrometric gauges through

partnership agreements within different government levels. The WSC stre am gauges collect
data hourly through the calendar year through the use two different brands of data loggers
Sutron and VEDAS  (Environment Canada, 2013) . For this study all data was considered,
irrespective of below freezing conditions. It is noted that t he WSC gauges are not equally
distributed throughout the NVCA subwatershed with 4 gauges located on the main

Nottawasaga River, two in the Innisfil Creek subwatershed and one in the Willow Creek
subwatershed, etc.



02ED100
r'y

V224 N
Ba o
Legend
A Stream Gauge
® PGMN Wells
0 36 12 18 24 | NVCA Subwatersheds
—— = = m Kilometers )
Figure 1: Nottawasaga River watershed and location of the PGMN wells and associated WSC

stream gauges.



Table 4: Water Survey of Canada stream

gauges summary

for gauges used for this study.

Stream Gross
Gauge Station Subwatershed Data Data Drainage Equipmen t
; ID Type Years Area Used
Location 2
(Km %)
Nottawasaga Middle .
River near 02ED003 Nottawasaga Flow and 1947 1 1230.58 Sutron 8200
. Level 2012
Baxter River
Nottawasaga Upper .
River near 02ED026 Nottawasaga Flow and 1989 i 175.68 Sutron 8200
. Level 2012
Hockley River
Nottawasaga Lower .
River near 02EDO027 Nottawasaga Flow and 1993 i 2686.37 VEDAS Il
) Level 2012
Edenvale River
Innisfil Creek _ Flow and 2000 7
near Alliston 02ED029 Innisfil Creek Level 2012 479.46 VEDAS I
Flow,
Level,
Willow Creek 02ED032 Willow Creek Rainfall, 2005 i 231.21 Sutron 8210
near Minesing Temp. (air 2012
and
water)
Beeton Creek Flow, 1968 i
near 02ED100 Innisfil Creek Level, and 86.00 Sutron 8210
. 2012
Tottenham Rainfall
Nottawasaga Upper .
River near 02ED101 Nottawasaga Flow and 1967 i 479 .46 Sutron 8210
. . Level 2012
Alliston River

The stream gauges were paired with the closest PGMN wells which were used to determine
the correlation between the respective low water levels. It is noted that the stream gauge

PGMN well is based on linear distance
wells are within the same subwatershed except for

Table 5: WSC Stream gauge station and associated PGMN well (s).

. The majority of stre

am gauges and corresponding

W223 -1 (outside the NVCA watershed)
and W231 -1, W281 -1, W230 -1, and W292 -1 (Table 5).

Stream Gauge Location Stalté) on PGMN Well S\i/j??;?;;kurg)e
Beeton Creek near Tottenham 02ED100 | W224 -1 3.06
Innisfil Creek near Alliston 02ED029 | W323 -2, W323 -3, W323 -4 11.63
Nottawasaga River near Alliston 02ED101 | W231-1,w281 -1 6.25
Nottawasaga River near Baxter 02ED 003 | W292 -1, W230 -1 8.89
Nottawasaga River near Baxter 02EDO03 | W480 -1 8.39
Nottawasaga River near Baxter 02ED003 | W479 -1 10.81
Nottawasaga River near Hockley 02ED026 | W486 -1 16.65
Nottawasaga River near Edenvale 02EDO027 W232 -2, W291 -1 2.748
Willow Creek near Minesing 02EDO032 W244 -2, W245 -2, W223 -1 3.66




2.0 Statistical Method Overview

2.1 The Percentile Method

The percentile method was used to calculate the corresponding low water Levels (I/11/11)
for groundwater . The standard statistical method, a per centile is a statistic that gives the
relative standing of a numerical data point when compared to all other data points in a
distribution. A percentile value ranges from 0 to 100. The value indicates the percentage of

the data is equal to or below it. If the value 30isthe 25 ™ percentile, it means that 25% of
the data set is equal to or less than 30. Percentiles are estimated from N measurements as
follows:

For0 <k <N, Y(p) = Y[K] + d(Y[k+1] - Y[K])

For k=0, Y(p) = Y[1]
Fork =N, Y(p) = Y[N]

Detailed information on the percentile method can be found at:
http://www.itl.nist.gov/div898/handbook/prc/section2/prc252.htm

Percentiles are calculated on a monthly basis wit h twelve sets of triggers per well. The
trigger levels are defined as the following:

1 100" percentile equals maximum water level on record

1 50" percentile equals median conditions

1 25" percentile equals Trigger 1 (Level 1)

 10™ percentile equals Trigger 2 (Level 2)

1 5" percentile equals Trigger 3 (Level 3)

T 0™ percentile equals the minimum water level on record
A 30 -day average is calculated before a low water level is declared. Level | conditions occur
when the 30 -day average water level falls below the T rigger 1 value for that month. Level
Il conditions occur when the 30 -day average water level falls below the Trigger 2 value for
that month. Level Ill conditions occur when the 30 -day average water level falls below the

Trigger 3 value for that month.

2.2 S catter Plot Matrix Statistical Analysis

In this project, a scatterplot matrix was used to display and determine the correlation

between surface water and groundwater drought indicators. Scatter plot matrix is a

collection of multiple scatter plot di agrams organized into a grid manner. Scatter plot
diagram displays two variables and are used to analyze the relationship between both
variables. In order to identify a linear correlation between two variables, a sufficient

amount of data is needed; othe rwise a nonlinear correlation may appear linear if the data is
too small (U.S. EPA, 2006)

Once the data has been graphed in a scatter plot diagram, a correlation analysis is

completed. A line of best fit is generated to represent the data. A positive co rrelation occurs
when the horizontal axis increases simultaneously with the vertical axis. A negative

correlation occurs when the horizontal axis increases as the vertical axis decreases. There is

no correlation if there is no pattern between the two varia bles (Bersbach, 2012) . To have
an accurate measurement of the relationship between two variables, a correlation coefficient

(R) value can be determined using x and y values. Scatter plot matrix is a useful graphical

tool to analyze multiple correlations b etween multiple variables presented in one diagram,

which include several scatter plots (Bersbach, 2012)


http://www.itl.nist.gov/div898/handbook/prc/section2/prc252.htm

3.0 Methodology

In order to complete statistical correlation of  the groundwater and surface water low water
declaration periods, the individual ground water and surface water data sets were first

analyzed separately. Once the individual declaration periods were determined, the

correlation test was  then completed . The following detailed methodology has been
separated into 1) groundwater low water levels, 2) surface wate rlow water levels, and 3)
combined correlation tests. It is noted that the groundwater indicators were calculated using

the percentile method, and the surface water indicators were calculated using the OLWR

methodology (MNR, 2001)

3.1 Gr oundwater Low Water Levels
The following steps were completed for all 16 NVCA wells for developing percentiles to
determine thet riggers for the three low water levels

Step 1: Download PGMN well data f rom PGMIS and data correction
The following steps wer e taken to download data from the MOE PGMIS website
(http://environetprod.ene.gov.on.ca/pgmis/go )

1. Enter username and password

2. Sel ect AView/ Query Databo

3. There is alist of selections along the left h and side of the window. Under the heading
AExport Dataodo select AWater Level 0
4, Sel ect ANottawasaga Valleyd as the conservation aut

5. Select the well ID from the drop down menu. To import the appropriate data, ensure
that the date goes back until 1996.

6. Check the boxes 2, 3, and 4
7. Downl oad wel | data by selecting AExport Water Level
8. Remove any cells that create gaps in the data and remove outliers. Correct slips

from the data as well. Use the CA - Corrected and DEM adjusted Water Level column

and the date ¢ olumn for the next step.

Step 2: Create a Pivot Table to Generate Daily Averages

Water level readings are recorded hourly; however, this analysis requires the data as daily

averages. Therefore, downloaded data has multiple values per day. Using the Pivot Table

tool, daily averages can be calculated (Figure 2). Pivot tables are a great tool to use when

working with large data. They are used to quickly summarize, sort, and filtering data. To

create a Pivot Table columns must be labelled. Click on the Pivot T able option from the

Insert ribbon and select the data. Once, the pivot table has been created a Pivot Table Field

List will appear on the right side containing three areas: column labels, row labels, and

values. Drag each field into the different areas. T he AValuesd area can be summart
different types of calculations such as sum, average, count, mean, etc


http://environetprod.ene.gov.on.ca/pgmis/go

3 |Average of CA-Corrected and DEM adjusted Water Level
4 2003 2004 2005 2006 2007 2008 2009 2010
5 =Jan
6 01-Jan 229.2981167 229.437775 229.5696667 230.104125 229.8345833 230.6952083 230.75758:
7 02-Jan 229.3174083 229.4688167 229.5686667 230.0909167 229.8255 230.7138333 230.74679
8 03-Jan 229.3156583 229.4534417 229.5676667 230.1032083 229.82875 230.7068333 230.74¢
9 04-Jan 229.31445  229.455525 229.574 230.10875 229.8377917 230.7199583 230.74591
10 05-Jan 229.3214917  229.464525 229.5718333 230.1126667 229.8391667 230.72775 230.74329;
11 06-Jan 229.3289917 229.4781083 229.5772917 230.1111667 229.8355 230.733625 230.74183.
12 07-Jan 229.3282417 2259.4555667 229.5832917 230.1160833 229.8345 230.7521667 230.73608]
13 08-Jan 229.33295 229.4600667 229.5799583 230.1323333 229.860875 230.7557083 230.730]
14 09-Jan 229.331075 229.47115 229.5768333 230.1263333 229.8801667 230.7465833  230.7251]
15 10-Jan 229.3364917 229.4577333 229.5765833 230.1187917 229.909625 230.7567083 230.73470
16 11-Jan 229.3572  229.473525 229.581125 230.1275833 229.9402083 230.76775 230.728]
17 12-Jan 229.3566583 229.478275 229.5784583 230.12475 229.9505417 230.7762083 230.71933
18 13-Jan 229.3621583 229.4651917 229.5866667 230.1276667 229.9929583 230.7867917 230.7
19 14-Jan 229.3702833 229.4798167 229.5785833 230.132125 230.0111667 230.7874583 230.7
20 15-Jan 229.3674917 229.5067333 229. 2917 230.1356667 230.0330: 230.7905833 230.71191f
21 16-Jan 229.3771167 229.5104833 229.58525 230.1238333 230.0539583 230.797 230.71495
22 17-Jan 229.3891167 229.5084833 229.5887917 230.129875 230.10425 230.8080417 230.713704
23 18-Jan 229.3992417 229.5301917 229.5944167 230.1422083 230.12475 230.8179167 230.70595
24 19-Jan 229.3951167 229.52265 229.58625 230.1401667 230.1426667 230.8214583 230.70341f
25 20-Jan 229.3944917  229.515275 229.5865 230.1229167 230.1596667 230.8175833 230.6
26 21-Jan 229.4044917  229.529275 229.59 230.1347917 230.1770833 230.8210833 230.69
27 22-Jan 229.4141167 229.534275 229.5913333 230.1376667 230.2035833 230.821375 230.69070f
28 23-Jan 229.4156167 229.5171083 229.594625 230.1400833 230.2053333 230.82225 230.68970¢
29 24-lan 229.4177417 2259.5239833 229.597875 230.1244583 230.2129583 230.8172917 230.69520
30 25-Jan 229.423825 229.5243167 229.58 230.1250833 230.2302917 230.820875 230.6996
31 26-Jan 229.4359917 229.5134417 229.5802917 230.1320833 230.2385417 230.8199167 230.68958:
32 27-Jan 229.4472833 229.5188167 229.5933333 230.13475 230.24175 230.8132083 230.682581
33 28-Jan 229.4390333 229.5237333 229.5932083 230.12825 230.254375 230.8194583 230.6766
34 29-Jan 229.4427417 229.5260667 229.6033333 230.1243333 230.2666667 230.8217083 230.66754
35 30-Jan 229.4471583 229.5111917 229.6002083 230.1225833 230.2454583 230.82175 230.67241{
36 31-Jan 229.445075 229.514275 229.5560417 230.1265833 230.2499167 230.8168333 230.67329
37 =Feb
Figure 1: Daily averages pivot table.
Step 3: Calculate Percentiles

Using the pivot table,t  he minimum water level (0™ percentile), 5 ™, 10 ™, 25 ™, and the
maximum water level (100 ™ percentile) are calculated for each month using the Microsoft
Excel percentile function A=PERCENTILE() o0, and

Table 6: Example of the percentiles calcula ted per month for Well 244 -2.
Oth 5th 10 th 25 th 100 th
January 229.298 | 229.383 | 229.447 | 229.584 | 230.822
February 229.126 | 229.161 | 229.436 | 229.518 | 230.833
March 229.098 | 229.117 | 229.379 | 229.471 | 231.070
April 229.224 | 229.400 | 229.486 | 229.875 | 231.518
May 229 522 | 229.577 | 229.700 | 229.988 | 231.605
June 229.513 | 229.603 | 230.022 | 230.159 | 231.590
July 229.483 | 229.524 | 229.764 | 230.103 | 231.432
August 229.356 | 229.407 | 229.462 | 230.001 | 231.353
September | 229.244 | 229.273 | 229.348 | 229.927 | 231.180
October 229.190 | 229.212 | 229.571 | 229.706 | 231.044
November | 229.172 | 229.187 | 229.486 | 229.617 | 230.947
December | 229.210 | 229.259 | 229.429 | 229.571 | 230.862

Step 4: Calculate the 30 -day Moving Average

A 30 -day average was calculated to smooth out fluctuations and eliminate the isolated
events on the hydrograph. Level |conditions occur when the 30 -day average water level
falls below the Trigger 1 value for that month. Level Il conditions occur when the 30 -day
average water level falls below the Trigger 2 value for that month. Level Il con ditions
occur when the 30 -day average water level falls below the Trigger 3 value for that month
Therefore before declaring Level I, 11, or 1ll; a 30 -day moving average must be determined
by calculating the average of the last 30 days. This value was then plotted into a pivot
table.

arrange:



Step 5: Determine Level |, Level Il or Level 11l
Levels I, Il, and Il can be determined using the 30

equals the 25

th

™ percentile, and Level Ill equals the 5

percentile. Using the highlighting tool from Microsoft Excel, values less than the 5
25" percentile were highlighted using three different col
colour green, Level Il by the colour yellow and Level Il by the colour red.

Step 6: Create a Declaration Table

A declaration table was developed stating the dates when a Level |, Il or lll occurred (Table
fy the data, a low water level was not declared if it occurred for a period of time
of 5 consecutive days or less. Using this method allows low water levels to change from a
Level | directly to a Level Ill or vice versa.

7). To simpli

Table 7: Example of a declaration table for Well 480 -1.
W480 -1
Declaration
(Level) In Out

1 Mar 1, 2010 April 9, 2010
1 April 22, 2010 April 30, 2010
1 May 7, 2010 May 31, 2010
1 Jun 19, 2010 Jul 6, 2010

3 Oct 1, 2010 Oct 15, 2010
1 Oct 16, 2010 Oct 27, 2010
3 Nov 1, 2010 Nov 21, 2010
1 Nov 22, 2010 Nov 28, 2010
3 Dec 1, 2010 Dec 16, 2010
1 Dec 17, 2010 Dec 27, 2010
1 Mar 1, 2011 Mar 18, 2011

3.2 Surface Water Low Water Levels

The following steps were

program.

completed for all

Step 1: Download Flow Gauge Data

The hydrometric data for each stream gauge was downloaded from the Environment Canada

website ( http://www.wsc.ec.gc.ca/applications/H20/index
were done to download the hydrometric data.

1.
2.

3.

4

In this project, only the daily flow (Parameter 1) was used; therefore, the daily water level

seven surface water flow gauges within the
NVCA. Low wate r levels were calculated using the same methodology as the OLWR

Enter the station name or stream ID number and search

Ensur e

t hat

fiReport Output Type 0
Select Obtain Report
Download the file

(Parameter 2) was deleted.

t he

Data - Date Format (CSV)

-day moving average pivot table and the
values from the percentile table developed in the above step. As previously stated, L
percentile, Level Il equals the 10

evel |
th

th 10" and

ours. Level | is represented by the

-eng.cfm ). The following steps

d r o RRepdroData Typee © u DdlywDa tafiand that the

10


http://www.wsc.ec.gc.ca/applications/H2O/index-eng.cfm

Step 2: Create a Pivot Tabl e displaying Monthly  Averages
A pivot table was created to calculate the monthly average using all available time series
data for the specific gauge (Figure 3).

3 Average of Value

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

5 |2000 1.104354839 4.371172414 332483871 3729333333 9.170967742 11.92133333 4703225806 1121193548 1368466667 0.89916129 15609 1.413225806
6 |2001 1.377096774 6.398928571 9.12 9.787333333 2.145709677 1239566667 0.356032258 0.14983871 03196 1.126387097 1559 3.652580645
7 |2002 1.732580645 41725 4.536774194 5.888333333 5.337741935 4.961333333 0518516129 0.239 0.2075 0.206322581 0.5953 1.359451613
& |2003 0.809870968 0.582428571 6.830645161 4.2 2436774194 1.594833333 0.229774194 0.379290323 0.35 0.802193548 3.8745 5.994516129
9 |2004 268516129 0.86637931 1143032258 6.074666667 7.05483871 1701566667 3505354833 1.004612903 05621 0572709677 1.0901 2271290323
10 |2005 6.149677419 2.461071429 4160322581 1351833333 2.819032258 1409633333 0352322581 0348774194 0403166667 0.57516129 11153 1776451613
11 2006 5210322581 6.363928571 1214483871 5.615333333 2.256129032 2412633333 0579903226 0303645161 07695 1571354839 2967 6.14483871
12 |2007 3.305806452 1303571428 9.643870968 5121 1942903226 1.117233333 0.260258065 0.226129032 0298033333 0422096774 0787433333 1816774194
13 |2008 8502258065 5.74137931 7.336129032 1596533333 3.518709677 1.383233333 1050580645 1870935484 1810633333 1.296 3671 1108967742
14 |2009 4.449677419 115625 9.418387087 9.915333333 7.226129032 2362 3193967742 2.174387097 1037266667 2869354839 2748 3343225806
15 |2010 2.091290323 1.185678571 10723 328 2.932677419 26047 223883871 0.87983871 0996166667 1677580645 2293666667 2641935484
16 |2011 5.857419355 6.091428571 1490258065 7.308666667 7.465806452 1881166667 0.58035483% 0662903226 0641033333 2650935484 2893 7519354839
17 |2012 5476774194 4.113103448 B.382580645 2300333333 3.486709677 1086033333 0459741935 1000258065 0.829733333 1570483871 3366 3.086774194
18

19 Averageof Value 3750176179 4.247236169 B.611868486 7.161846154 4.453471464 2744251282 1386836228 0796985112 0745630769 1295364764 2.208323077 4008468983
20 |Level 1 2625123325 2973065318 602830794 5.013292308 3.117430025 1520975897 057078536 0557889578 0521941538 0.906755335 1546526154 2805928288
21 Level 2 1875088089 2.123618085 4.305934243 3.580923077 2.226735732 1372125641 0693418114 0398492556 0372815385 0.647682382 1104661538 2004234491
22 |Level 3 1125052854 1274170851 2583560546 2.148553846 1336041439 0.823275385 0416050868 0233095533 D.223689231 0.388509429 0662796923 1202540695
23

Figure 2: Pivot table with stream flow monthly averages.

Step 3: C alculate Lowest Average Summer Month Flow, Level I, Il and Il

Using the complete time series data for the individual stream gauge, monthly averages
were calculated. The lowest average of the summer months (July, August, September) is
used to calculate th e overall low water levels for the entire year.

In the spring a watershed can enter a Level | when its monthly flow drops below the lowest
average summer flow. A Level Il is declared when its monthly flow drops below 70% of the
lowest average summer mont h flow, and a Level Ill when its monthly flow drops below 50%
of the lowest average summer month flow. For the rest of the year, a Level |, Il, and Ill are
declared if its monthly flow drops below 70%, 50% or 30% respectively of the lowest

summer month flo  w. Table 8 illustrates an example of the low water levels results.

Table 8: Example of a surface water low water level.

Level | Level Il Level lll

Lowest
Average
Summer Month

Spring Other times Spring Other times Spring

Other times

0.7456 0.7456 0.521 9 0.5219 0.3728 0.3728

0.2237

Step 4: Identify Low Water Levels using a Pivot Table
A pivot table was created using the 7
groundwater low water levels is used; the levels are highlighted using the highlig
according to the values on the table created in the previous step.

Step 5: Create a Declaration Table

Lastly, a declaration table was created stating the dates when a Level I, Il or IIl occur. In
this project, to simplify the data, any low wate
were not declared, as consistent with the groundwater methodology.

3.3 Correlation between Groundwater and Surface Water Low Water Levels
To determine the correlation between groundwater and surface water |
declarations tables from each well and stream gauge are compared. Each PGMN well is
compared to the closest stream gauge. Table 5 shows the stream gauge location with the
closest well.

-day moving average. The same methodology from the
hting tool

r levels that were equal to or less than 5 days

ow water levels, the
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Step 1: Declaration Table for Surface Water and G roundwater Levels

A Microsoft Excel spreadsheet was used to display all the declaration tables for each PGMN

well and stream gauge (Figure 4). Only data from 2003 to 2012 were used in this project,

since that is the record of data available for both variab les. A number was assigned to each
low water level category:

A 0 represents the days when a low water level does not occur.

l
1 A1 representsthe days which cover periods when a level | declaration period was

calculated.
1 A2 representsthe days which cover periods when alevel |l declaration period was
calculated.
1 A3 representsthe days which cover periods when a level | Il declaration period was
calculated.
Beston | isfil  Notswasag Notawass

Date W23 W24 WISD W23 W32 W44 W245  WIEL  W2S1  W2S) W32 W32R3 W32RE WATS  W4ED  WAES1 Torenha oo 3 RMverat aRiverar
Allistan Baxter Alliston

T (02ED02S) (02EDOO3)  (02EDIOL

a (026D100)
2| 1dan-03
3| 2dan-03
4 3Jan-03
5| 24an-03
6 | 5an-03
7| &Jan-03
g | Fan-03
2 | EJan-03
10 9Jan-03
11 10an-03
12 11Jan-03
13| 12Jan-03
14| 13Jan-03
15| 12-Jan-03
16 154Jan-03
17| 16Jan-03
18 17-Jan-03
19| 18-an-03
20 19-Jan-03
21 20an-03
22 21Jan-03
23| 22Jan-03
24 23-Jan-03
25| 22-Jan-03
25| 25Jan-03
27| 26-Jan-03
28| 27-Jan-03
29| 28-Jan-03
30| 29-Jan-03
31 30-Jan-03
32 31Jan-03
33| 1-Feb-03
34 2-Feb-03
35| 3-Feb-03
35| 4Feb-03
37| 5Feb-03
38| 6Feb-03
33| 7Feb-03
40| B-Feb-03
41| oFeb-03

lscocsococssscsscssscceEEEEOOEOBOBOOBOBOOB0G e
NI I I I T T R T P P
0000000000000 oo0oOo00OooOOOOOOOOO000o oo
0000000000000 oo0oOo00OooOOOOOOOOO000o oo
0000000000000 oo0oOo00OooOOOOOOOOO000o oo
0000000000000 oo0oOo00OooOOOOOOOOO000o oo
0000000000000 oo0oOo00OooOOOOOOOOO000o oo
0000000000000 oo0oOo00OooOOOOOOOOO000o oo
0000000000000 ooooooooOOOOOOOOOOOOO000 0o
0000000000000 ooooooooOOOOOOOOOOOOO000 0o
I CC 0000000 orEEEEEEEEENOOOOOOOOOOOOOOOO oo
oo oOrELEEEEEEEEEEOOOOOOOOOOOOOOOOOO0000 oo

Figure 3: Microsoft Excel spreadsheet with the declaration data for each well and WSC
stream gauge s tation.

Step 2: Create a Scatter Plot

Scatter plot charts were created for every stream gauge station with their associated PGMN
well for each month. Groundwater low water levels are plotted on the x -axis, and surface
water low water levels are plotted on the y -axis. The line of best fit and the coefficient of
determination value (R ?) are added to each scatter plot.

Step 3: Analysing the relationship between Surface Water and Groundwater Low

Water Levels

A table was created for ~ each month displaying the number of days that a relationship occurs
between groundwater and surface water low water levels. For instance, Table 9 outlines the
number of days during the month of August, from 2003 -2012, where the various drought
level relat ionships occur between surface water and groundwater at the Beeton Creek at
Tottenham gauging station and the PGMN well W224 -2.



Table 9: Number of days a relationship occurs between groundwater and surface water low

water levels.

Beeton Creek at Tottenhm (02ED100) / W224

August
GroundwaterLow Water Levels
0 1 2 3
Surface Vdter 0 181 3
Low Water 1 60 28
Levels 2 21 17

4.0 Results and Discussion

The percentile levels for each PGMN well can be found in Appendix

matrices, a summary is provided in Appendix F o

A. Results for the surface
water low water levels per stream gauge is listed in Appendix B. Summary of the
declaration tables for the groundwater low water levels is located in Appendix C while the
equivalent declaration summaries for the stream gauges is locat
scatter plot matrices per well and associated stream gauge are listed in Appendix E with the
monthly R ? value to indicate the strength of the correlation. In addition to the scatter plot

ed in Appendix D. The

f the number of days on a per month basis

summed for the complete 2003 -2013 time series data set in which surface water was in
Level LII, or Il versus Level 1,11, or Il for groundwater.

The percentile method was used to determine the low water

groundw ater levels using all

available data. To ensure the appropriate moving average was used, a statistical
comparison was completed comparing the mean, standard deviation (S) and variance (S

of the 7, 14, and 30 day rolling averages per well to determine th

moving averages (Table 10). The 30

deviation and variance which means using the 30
variation, smoothing out fluctuation in the data. Further, the variance

e variation between the

-day moving average have the lowest standard

-day moving average will have less

between the 7, 14,

and 30 day rolling average was minimal suggesting that the 30 day rolling average was

ideal for the groundwater low water declaration. Based on this, a 30

was done per well in order to determine the groundwater low wa

-day moving average
ter levels.

The average groundwater declaration periods for all wells is approximately 22 days
corresponding to an average of 26 declaration periods (Table 11). The average maximum

number of days a well in a declared period, regardless of level, is 95 day s and is not
consistent per well. Conversely, the minimum number of days is consistently 5 -6 days,
influenced of the methodology used. The groundwater declaration periods are generalized
as short -term and influenced by  the monthly change in percentile leve Is, reflective in the

new set of percentiles being utilized for that month with respect to the previous month.
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Table 10: Statistical Comparison of the 7, 14, and 30

-day Moving Average

for all PGMN wells.

Well

7 - Day Moving Avg.

14 - Day Moving Avg.

30 -Day Moving Avg.

w223 -1
w224 -1
w230 -1
w231 -1
w232 -2
w244 -2
W245 -2
w281 -1
w291 -1
w292 -1
W323 -2
w323 -3
W323 -4
W479 -1
W480 -1
W486 -2

3070
2287
2917
2146
2880
3511
3480
2333
3212
2400
3052
3406
3289
1439

776

993

XE
223.029
238.803
193.694
224.396
180.967
230.253
226.486
222.913
184.988
198.250
256.474
255.401
231.010
224.724
289.269
484.855

S
1.310
1.730
0.549
0.261
0.523
0.560
0.563
0.441
0.191
0.494
0.778
0.724
0.557
0.889
0.404
0.392

g2
1.716
2.992
0.301
0.068
0.273
0.314
0.317
0.194
0.037
0.244
0.605
0.524
0.310
0.790
0.163
0.153

3063
2280
2910
2139
2873
3504
3473
2326
3205
2393
3045
3399
3282
1432

769

986

XE
223.028
238.799
193.02
224.395
180.967
230.254
226.485
222.914
184.987
198.249
256.476
255.401
231.010
224,721
289.262
484.854

S
1.306
1.717
0.536
0.260
0.515
0.559
0.557
0.439
0.189
0.490
0.776
0.724
0.557
0.880
0.395
0.390

g2
1.705
2.948
0.287
0.067
0.265
0.313
0.310
0.193
0.036
0.240
0.603
0.524
0.310
0.775
0.157
0.153

3047
2264
2894
2123
2857
3488
3457
2310
3189
2377
3029
3383
3266
1416

753

970

xXE
223.024
238.791
193.689
224.392
180.966
230.256
226.483
222.914
184.986
198.248
256.480
255.402
231.010
224.716
289.243
484.852

S
1.296
1.687
0.513
0.255
0.500
0.557
0.543
0.435
0.183
0.476
0.771
0.723
0.556
0.863
0.367
0.384

g2
1.680
2.846
0.263
0.065
0.250
0.310
0.295
0.189
0.034
0.228
0.595
0.522
0.309
0.746
0.135
0.148
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The groundwater low water level was not declared if it occurred for a period of time less
than 5 consecutive days. Using this method allows low water levels to chan ge from a Level |
directly to a Level Il or vice versa. There is no consistent pattern with the declaration

per iods hydrostratigraphically or geographically . Also, there is no consistency in the

declaration timing and degree of severity with respect to co nfined wells vs unconfined wells.
Further, the low water conditions of 2007 is prevalent throughout the majority of the wells
where the time series extends to incorporate this water year; however, is not noticeable in
wells W224 -1 and W292 -1. Another dry p eriod in 2003 is typically recognized in the wells

and more weakly in 2006. In addition, all wells exhibit Level 11l conditions to some degree.

It is noted that the low water levels in wells W479 -1, W486 -1, and W480 -1 maybe reflective
of the short period o f record.

Table 11: Summary of groundwater low water declaration statistics, per PGMN well.

Average Maximum Minimum
number of number of number of Number of
Well days for low days for low days for low declaration
water water water periods
declaration declaration declaration
W223 -1 30 207 5 25
w224 -1 24 82 5 23
W230 -1 15 31 5 15
W231 -1 20 57 7 22
W232 -2 19 89 5 38
W244 -2 31 105 5 27
w245 -2 25 173 6 35
W291 -1 27 130 5 40
W323 -2 22 161 5 41
W281 -1 19 61 5 26
W292 -1 20 81 5 23
W323 -3 30 145 5 29
w323 -4 20 103 5 34
W479 -1 17 31 6 19
W486 -1 16 32 5 14
W480 -1 16 39 6 11
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Regarding stream flow, seven WSC stream gauges were used in this project. All available
data was used to determine the lowest average summer month. However, only data from
2003 to 2012 was used to determine the correlation with groundwater low water levels.

Data gaps were found in two gauging stations, Beeton Creek near Tottenham (ID 02ED100)
having a data gap of 10 years (1987 T 1996), and Nottawasaga River near Alliston (ID:
02ED 101) having a data gap of 18 years (1979 T 1996). The complete low water levels
results for each station are included in Appendix B.

The composite average declaration periods for the stream gauges is approximately 16 days
corresponding to an average of 1 9 declaration periods (Table 12). The averaged maximum
number of low water declared days is 43 day s regardless of level and is not consistent per
stream gauge . The minimum number of days is consistently 5 days which is reflective of the

methodology used. N ot surprisingly, surface water low water levels exhibit strong  low water
seasonality to the summer months (July, August, and September). All stream gauges

exhibited low water conditions in 2007 and secondarily in 2003 and 2005. Modelled Level lll
condition s are only exhibited at the Innisfil Creek at Alliston gauge (02EDO029) . Itis unclear
the degree that water abstraction for irrigation influences the stream flow and the

corresponding declaration period. However, the water abstraction is present to some de gree
through the number of declaration periods for this gauge which is 2 times the average for

the other stream gauges. No declaration trends (levels, declaration period length, etc) are

present regarding upstream vs downstream or catchment size.

In shor t, there is noticeable variation in the length of declaration, number of declaration
periods, and the average number of declaration periods with respect to the modeled
groundwater and surface water low water declaration periods.

4.1 Correlation between S urface Water and Groundwater Low Water Levels

Scatter plots were created between each PGMN well and the closest gauging station.
Coefficient of determination (R 2 value) was calculated to determine the degree of
relationship between both variables. All scat ter plots have been organized into a matrix to
display the relationship between both variables per month using all available data. All

scatter plots can be found in Appendix E. To help represent the relationship between
groundwater and surface water low wa ter level, a table was created per well which outlines
the number of days a relationship occurs between levels (Appendix F).

The R? value indicates the percentage of the likelihood that a prediction can be made from

the two variables. The closer the R % value is to 1, the closer it is to 100% strong
relationship. In this project, consistently there is a very weak to no correlation. Also, there
are months where a correlation could not be calculated because of a 0 standard deviation,

i.e. there is no variatio  nin the data and there was no change of low water levels either in

the groundwater or surface water data. For instance, a low water level was not declared at

the stream gauge 02ED101 during the month of April, and therefore there is no variation on

this d ata. Although low water levels of W281 -1 changes throughout the data, a correlation
cannot be determined because the standard deviation of the stream gauge 02ED101 is 0.

This is the case for the months of April, May, and December for all stream gauges.
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Table 12: Summary of surface water low water declaration statistics, per WSC stream
gauge.
Average Maximum Minimum
number of number of number of Numb er of
Stream gauge days for low days for low days for low declaration
water water water periods
declaration declaration declaration
Beeton Creek and 16 62 5 27
Tottenham
(02ED100)
Nottawasaga River at 16 47 5 13
Alliston (02ED101)
Nottawasaga River at 16 31 5 15
Baxter (02ED003)
Nottawasaga River at 15 30 5 14
Edenvale (02ED027)
Nottawasaga River at 20 46 5 11
Hockl ey (02ED026)
Willow Creek at 13.5 42 5 8
Minesing (02ED032)
Innisfil Creek at 15 43 5 43
Alliston (02ED029)

The averaged R 2 value is the highest in months of November and August (0.13), July (0.09)

and June (0.07). Also, the averaged R 2 valu e is the highest in wells W232 -2(0.25), w323 -3
(0.16), and W323 -4 (0.12). Wells W231 -1, W244 -2, W245 -2, W479 -1, W480 -1, W486 -2 did
not exhibit any correlation with respect to the closest associated stream gauge (R 2 equal to
or less than 0.02). The followi ng observations were made from the scatter plots and Table

13. The following stream gauges and PGMN have the highest correlation:

Beeton Creek near Tottenham (02ED100) and W224 -1inJduly (R %=0.379)

Innisfil Creek near Alliston (02ED029) and W323 -2inJuly (R%=0.286)

Innisfil Creek near Alliston (02ED029) and W323 -3in June (R 2=0.458)

Innisfil Creek near Alliston (02ED029) and W323 -4 in October (R 2=0.307)

Nottawasaga River near Edenvale (02ED027) and W232 -2 in August (R 2=0.406).

=A =8 -4 -8 -

The NVCA PGMN wells are not  modified by anthropogenic influences (e.g. pumping).

Wells W232 -2, W323 -3, and W323 -4 which exhibited the strongest correlation, albeit a

weak one, are all screened in the regional confined aquifer A3. Conversely, unconfined

aquifer wells W281 -1, W291 -1, and, W292 -1 all had R 2 values ranging from 0.05 to 0.04,
indicating very poor correlation. It is interesting to note that wells W323 -3and W323 -4
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Table 13: R %-values per month and per stream gauge -PGMN well.
Well Stream G auge Jan Feb Mar April May Jun Jul Aug Sept Oct Nov Dec Q\zlevr:ﬁi
W224 -1 Beeton Creek
near Tottenham 0.072 0.004 N/A N/A 0.000 0.053 0.379 0.216 0.001 0.044 N/A N/A 0.096
W323 -2 Inqisfil Creek near
Alliston 0.021 0.006 N/A N/A N/A 0.031 0.286 0.106 0.049 0.000 0.004 N/A 0.063
W323 -3 Inqisfil Creek near
Alliston 0.002 0.005 N/A N/A N/A 0.046 0.169 0.411 0.099 0.332 0.180 N/A 0.156
W323 -4 Inn_isfil Creek near
Alliston 0.007 0.005 N/A N/A N/A 0.099 0.089 0.247 0.000 0.307 0.193 N/A 0.118
Nottawasaga
w231 -1 ) .
River near Alliston N/A N/A N/A N/A N/A 0.003 0.017 0.041 0.027 0.015 N/A N/A 0.021
W281 -1 N_ottawasaga_
River near Alliston N/A N/A N/A N/A N/A 0.095 N/A 0.000 | 0.093 | 0.009 N/A N/A 0.049
W292 -1 Npttawasaga
River near Baxter N/A N/A N/A N/A N/A 0.129 0.013 0.029 0.013 0.007 N/A N/A 0.038
Nottawasaga
W230 -1 )
River near Baxter N/A N/A N/A N/A N/A 0.023 0.137 0.229 0.161 0.142 N/A N/A 0.139
Nottawasaga
W480 -1 )
River near Baxter N/A N/A N/A N/A N/A 0.004 0.007 N/A N/A 0.003 N/A N/A 0.005
Nottawasaga
W479 -1 )
River near Baxter N/A N/A N/A N/A N/A 0.009 0.015 0.029 0.033 0.004 N/A N/A 0.018
Nottawasaga
W486 -2 | River near
Hockley 0.003 0.002 N/A N/A N/A 0.003 0.003 N/A N/A 0.005 N/A N/A 0.003
Nottawasaga
W232 -2 | River near
Edenvale N/A N/A N/A N/A N/A 0.347 0.151 0.406 0.185 0.15 2 N/A N/A 0.248
Nottawasaga
W291 -1 | River near
Edenvale N/A N/A N/A N/A N/A 0.049 0.013 0.001 0.071 0.064 N/A N/A 0.040
W244 -2 Willow Creek near
Minesing N/A N/A N/A N/A 0.005 0.034 0.014 0.038 0.020 N/A N/A N/A 0.022
W245 -2 V\/_iIIovy Creek near
Minesing N/A N/A N/A N/A 0.001 0.005 0.008 0.006 0.004 N/A N/A N/A 0.005
W223 -1 VV_iIIovy Creek near
Minesing N/A N/A N/A N/A 0.004 0.117 0.005 0.027 0.008 N/A N/A N/A 0.032
Average M onthly R 2 value 0.021 0.004 N/A N/A 0.003 0.065 0.087 0.128 0.055 0.083 0.126 N/A
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were moderately correlated with the Innisfil Creek near Alliston (02ED029) stream gauge

which is influenced by pumping for irrigation purposes. Recognizing this poor correlation,
the daily groundwater percentiles were back calculated for three randoml y selected Level 1
declaration periods for Willow Creek (WSC 02ED032 ) and well W244 -2 ( Table 14). Itis
noted that a wide degree of variation exists between the daily groundwater percentiles and

the surface flow and, further, a wide degree of variation exi sts within the individual
groundwater percentiles.

Appendix G provides a summary of the normalized monthly average groundwater level and
surface flow data. Although a seasonal hydrograph lag is evident in most relationships, the
groundwater percentiles a  re calculated on a monthly scale which takes into consideration
this lag.

Table 14: Groundwater percentiles (W244 -2) for three randomly selected corresponding
Level 1 declaration periods for Willow Creek (WSC 02ED032).
Declaration Declarationp  eriod Percentile - W244 -2
level
1 June 22, 2007 to June 34.9
30, 2007 34.2
34.5
33.2
32.5
30.8
1 September 24, 2007 to 24.8
September 29, 2007 24.4
24
23.7
1 August 23, 2012 to 47.4
September 8, 2012 471
46.7
46.4
46
45.6
45.3
44.9
44.6
47.4
47
46.2
45.9
45.1
44.8
455
46.6

5.0 Conclus ion and Recommendations

Currently, the OLWR program does not have a groundwater indicator. Outstanding in the
development of a groundwater indicator is how closely a proposed groundwater indicator
would statistically align with a surface water indicator for PGMN wells . Through the use of
the percentile methodology, this project developed low water declaration periods for the 16



NVCA PGMN wells which are all c = ompleted in varying unconfined and confined
hydrostratigraphic settings. In addition, low water declaration periods were also determined

for the proximal seven WSC stream gauges which had the equivalent data time series of

2003 -2012. Through the use of sca tter plot matrices, the groundwater low water declaration
periods were analyzed against the equivalent stream gauges to determine the correlative
strength and relationship between the two variables.

The scatter plot analysis resulted in a consistent very weak correlation between the
calculated groundwater and the surface water low water level declaration periods. The
averaged monthly R ? value, denoted in parentheses, was the highest in wells W232 -2

(0.25), W323 -3(0.16), and W323 -4 (0.12). Wells W231 -1, W 244 -2, W245 -2, W479 -1,
W480 -1, and W486 -1 did not exhibit any correlation with respect to the closest associated

stream gauge (R 2 equal to or less than 0.02). Seasonally, the averaged R 2 value is the
highest in months of November and August (0.13), July ( 0.09) and June (0.07).

Surprisingly, wells W232 -2, W323 -3, and W323 -4 which exhibited the strongest correlation,
albeit a weak one, are all screened in the regional confined aquifer A3. Conversely,

unconfined aquifer wells W281 -1, W291 -1, and, W292 -1all h ad R? values ranging from 0.05
to 0.04, indicating very poor correlation. Given the overall weak correlation between the
groundwater and surface water declaration periods, it is still recommended that the

unconfined aquifers be utilized for a groundwater d rought indicator well given the

reflectively quick hydrologic response time relative to the deep aquifer setting and that the

USGS uses monitoring wells completed in unconfined settings for their state -administered
drought forecasting programs (Post, 2013)

Although th is project did not result in a strong groundwater -surface low water declaration
correlation, the following recommendations are offered:

1. That groundwater be used as a supplemental indicator in support of the OLWR.

2. The continued encouragement for the pan -provincial application of the 25™ percentile
for Level I, 10™ percentile for Level Il, andthe 5" percentile for Level Ill conditions
with the use of a 30 rolling average for a groundwater low water indicator.

3. Application of this methodolo gy to other geological settings in Ontario, e.g. karst or
bedrock, or shallow overburden sediment in another jurisdiction to evaluate if this
methodology produces more concrete results.

20



6.0 References

Bersbach, P. (2012).  Bersbach Consulting . Retrieved Ja nurary 14, 2014, from
http://www.sixsigmatrainingconsulting.com/uncategorized/scatter -plots -for -
visualization -of-relationships/.

Environment Canada. (2013). Water Survey of Canada . Retrieved February 10, 2014, from
Environment Canada: http://www.ec.gc.ca/ rhc -
wsc/default.asp?lang=En&n=EDAB4EDA -1

Ministry of Natural Resources. (2001). Ontario Low Water Response. Ontario Government,
Ministry of Natural Resources.

Ministry of Natural Resources. (2004). OLWR Brocure. Ontario Government, Ministry of
Natural Re sources.

NVCA. (2006). Provincial Groundwater Monitoring . Retrieved January 28, 2014, from
Nottawasaga Valley Conservation Authority:
http://www.nvca.on.ca/OurProgramsandServices/EngineeringTechnicalServices/Wate
shedMonitoringProgram/ProvincialGroundwater Monitoring/index.htm

Post, R. (2013).  Percentile Groundwater Indicator Literature Review. Nottawasaga Valley
Conservation Authority.

Steinemann, A., & Cavalcanti, L. (2006). Developing Multiple Indicators and Triggers for

Drought Plans. Journal of Water Resources Planning and Management , 164 -174.
U.S. EPA. (2006). Data Quality Assessment: Statistical Methods for Practitioners. U.S. EPA.
Upper Thames River Conservation Authority. (2008). Groundwater Indicator Pilot

Study:DRAFT. UpperThames River Conservat  ion Authority.

21



Appendix A: Groundwater Low Water Level Results per Well

Percentiles for Well 223 -1

Oth 5th 10 th 25th 100 th
January 221.643 221.752 221.770 222.301 225471
February 221.764 221.795 221.826 222.326 225.665
March 221.832 221.915 222 .008 222.317 225.767
April 222.047 222.078 222.158 222.525 225.852
May 221.677 221.758 222.162 222.287 225.858
June 220.660 220.957 221.492 222.148 224,795
July 220.657 220.702 220.748 221.578 224.875
August 220.698 220.743 220.778 221.474 224.856
Se ptember 220.701 220.780 220.798 221.518 224,928
October 220.902 220.959 221.064 221.776 225.000
November 221.090 221.173 221.316 222.124 225.144
December 221.385 221.485 221.579 222.259 225.317

Percentiles for Well 224 -1

oth 5th 10 th 251h 100 th
Jan uary 232.788 232.941 233.026 238.995 241.649
February 233.052 233.501 234.064 238.821 240.849
March 233.374 233.665 233.756 238.018 241.089
April 233.249 233.615 233.696 238.489 241.050
May 237.727 237.930 238.049 238.399 241.132
June 236.907 237.153 237.475 237.853 240.587
July 236.141 236.763 236.987 237.717 240.599
August 235.956 236.211 236.364 237.768 240.449
September 236.110 236.429 236.595 237.207 240.209
October 236.627 236.943 237.033 237.580 241.273
November 237.190 237.410 237.477 237. 926 241.050
December 232.753 233.751 237.344 238.644 241.432
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Percentiles for Well 230 -1

Oth 5th 10 th 25th 100 th
January 193.078 193.528 193.636 193.795 194.735
February 193.248 193.528 193.733 193.810 194.431
March 193.546 193.707 193.803 193.901 194.669
April 193.483 193.600 193.665 193.787 194.445
May 192.598 193.101 193.175 193.473 194.394
June 192.131 192.362 192.507 193.081 194.336
July 191.491 192.060 192.227 192.562 194.322
August 191.651 192.122 192.248 192.604 194.107
September 192.278 192.506 192.729 193.038 193.997
October 192.844 193.220 193.344 193.522 194.468
November 193.095 193.305 193.390 193.524 194.382
December 193.462 193.700 193.854 193.920 194.791

Percentiles for Well 231 -1

oth 5th 10 th 251h 100 th
January 224,970 224.974 224.976 224.978 224.996
February 224.987 224.987 224,991 224,994 225.015
March 224.980 224.982 224.984 224.991 225.018
April 224.976 224.980 224.981 224.984 225.003
May 224,967 224.969 224.975 224,986 225.014
June 224.963 224.975 224.985 224.985 224,993
July 224.967 224.970 224.972 224.976 224.984
August 224.980 224.981 224.982 224.983 224,992
September 224.101 224.103 224.107 224.108 224.996
October 223.946 223.948 223.954 224.038 224.108
November 223.954 223.956 223.958 223.960 223 .970
December 223.933 223.962 223.963 223.966 223.976
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Percentiles for Well 232 -2

Oth 5th 10 th 25th 100 th
January 180.843 181.094 181.150 181.236 181.731
February 181.047 181.139 181.183 181.253 181.785
March 181.052 181.128 181.169 181.273 181.828
April 181.116 181.289 181.338 181.407 181.948
May 179.780 180.601 180.703 180.890 181.738
June 179.414 179.874 179.996 180.459 181.424
July 179.132 179.575 179.698 179.901 181.258
August 178.928 179.172 179.408 179.951 180.957
September 179.734 179.913 180.068 180.341 181.243
October 179.952 180.463 180.557 180.781 181.373
November 180.618 180.747 180.817 180.989 181.478
December 180.789 180.874 181.001 181.125 181.639

Percentiles for Well 244 -2

oth 5th 10 th 251h 100 th
January 229.298 229.383 229.447 229.584 230.822
February 229.126 229.161 229.436 229.518 230.833
March 229.098 229.117 229.379 229.471 231.070
April 229.224 229.400 229.486 229.875 231.518
May 229.522 229.577 229.700 229.988 231.605
June 229.513 229.603 230.022 230.159 231.590
July 229.483 229.524 229.764 230.103 231.432
August 229.356 229.407 229.462 230.001 231.353
September 229.244 229.273 229.348 229.927 231.180
October 229.190 229.212 229.571 229.706 231.044
November 229.172 229.187 229.486 229.617 230.947
De cember 229.210 229.259 229.429 229.571 230.862
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Percentiles for Well 245 -2

Oth 5th 10 th 25th 100 th
January 225.965 226.142 226.260 226.621 227.625
February 225.886 226.134 226.323 226.553 227.715
March 226.133 226.264 226.346 226.464 227.696
April 226.248 226.380 226.449 226.600 227.791
May 225.780 226.145 226.233 226.393 227.637
June 224.990 225.310 225.485 225.873 227.432
July 225.003 225.121 225.205 225.457 227.066
August 224.895 225.114 225.256 225.482 226.971
September 225.174 225.295 225.430 225.669 227.037
October 225.597 225.812 225.876 226.176 227.333
November 225.950 226.076 226.135 226.441 227.515
December 225.834 226.100 226.257 226.561 227.566

Percentiles for Well 281 -1

oth 5th 10 th 251h 100 th
January 222.198 223.031 222.444 222.890 223.460
February 222.631 222.811 222.840 222.906 223.573
March 222.240 222.782 222.825 222.997 223.699
April 222.823 222.891 223.009 223.310 223.697
May 222.935 222.977 222.989 223.173 223.696
June 222.786 222.854 222.918 222.985 223.622
July 222.486 222.532 222.567 222.670 223.484
August 222.179 222.254 222.304 222.393 223.207
September 222.044 222.080 222.121 222.171 223.102
October 221.981 222.006 222.041 222.106 223.140
November 222.012 222.024 222.040 222.199 223.356
December 221.989 222.094 222.148 222.261 223.451
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Percentiles for Well 291 -1

Oth 5th 10 th 25th 100 th
January 184.941 185.028 185.082 185.108 185.215
February 185.018 185.020 185.023 185.034 185.158
March 184.944 184.960 184.962 184.990 185.057
April 184 .885 184.886 184.891 184.898 184.951
May 184.776 184.783 184.791 184.798 184.883
June 184.721 184.721 184.724 184.730 184.769
July 184.726 184.727 184.728 184.729 184.872
August 184.854 184.862 184.862 184.886 184.978
September 184.938 184.940 184.941 184.943 185.003
October 184.951 184.959 184.960 184.985 185.107
November 184.890 184.892 184.892 184.895 184.946
December 184.904 184.945 184.998 185.096 185.467

Percentiles for Well 292 -1

oth 5th 10 th 251h 100 th
January 198.480 198.564 198.593 198.623 198.779
February 198.591 198.596 198.603 198.616 198.695
March 198.408 198.420 198.480 198.553 198.799
April 197.910 197.934 197.945 198.013 198.370
May 197.710 197.722 197.739 197.785 197.922
June 197.502 197.504 197.506 197.508 197.687
July 197.514 197.517 197.519 197.523 197.984
August 198.002 198.030 198.069 198.173 198.515
September 198.352 198.364 198.373 198.430 198.607
October 198.308 198.318 198.327 198.378 198.693
November 198.179 198.184 198.185 198.195 198.364
December 198.629 198.641 198.647 198.695 199.442
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Percentiles for Well 323 -2

Oth 5th 10 th 25th 100 th
January 255.532 255.534 255.540 255.545 255.596
February 255.390 255.399 255.401 255.412 255.546
March 255.013 255.064 255.102 255.254 257.281
April 255.117 255 .120 255.133 255.166 255.270
May 255.016 255.025 255.028 255.056 255.158
June 255.013 255.018 255.036 255.053 255.176
July 255.142 255.152 255.177 255.207 255.346
August 255.358 255.394 255.406 255.454 255.606
September 255.498 255.524 255.528 255.542 255.641
October 255.581 255.618 255.643 255.700 255.907
November 255.886 255.975 256.001 256.159 256.535
December 256.466 256.587 256.612 256.689 257.204

Percentiles for Well 323 -3

Oth 5th 10 th 251h 100 th
January 253.702 253.995 254.443 254.991 255.914
February 254.084 254.222 254.363 255.096 256.222
March 254.331 254.480 254516 254.762 256.605
April 254.538 254.789 254.885 255.355 257.098
May 254.832 254.875 254.922 255.524 257.269
June 254.619 254.778 254.868 255.288 257.133
July 254.339 254.482 254.579 254.861 256.746
August 254.080 254.203 254.287 254.716 256.457
September 253.816 253.943 254.147 254.584 256.144
October 253.665 253.773 254.060 254.528 256.040
November 253.610 253.678 254.072 254.640 255.884
December 253.610 253.698 254.232 254.886 255.965
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Percentiles for Well 323 -4

Oth 5th 10 th 25th 100 th
January 230.367 230.458 230.480 230.677 232.076
February 230.527 230.565 230.604 230.774 232.103
March 230.424 230.617 230.654 230.834 232.074
April 230.572 230.669 230.717 230.834 232.065
May 230.623 230.719 230.755 230.825 230.755
June 230.348 230.475 230.581 230.697 231.873
July 230.087 230.119 230.173 230.457 231.766
August 229.856 229.925 229.968 230.079 231.619
September 229.846 229.923 230.002 230.149 231.698
October 229.848 230.002 230.077 230.301 231.799
November 230.072 230.221 230.309 230.459 231.889
December 230.234 230.388 230.445 230.545 231.982

Percentiles for Well 479 -1

oth 5th 10 th 251h 100 th
January 224.005 224.117 224.153 224.352 226.667
February 223.844 224.176 224.222 224.342 226.766
March 223.775 224.160 224.301 224.424 226.869
April 223.897 224.022 224.072 224.313 227.017
May 223.043 223.708 223.788 224.081 226.979
June 222.970 223.426 223.559 223.730 226.824
July 222.366 222.519 222.681 223.581 225.589
August 222.998 223.135 223.319 223.416 226.103
September 223.032 223.163 223.222 223.901 226.302
October 222.849 223.036 223.390 224.152 226.122
November 223.824 224.036 224.132 224.366 226.398
December 223.701 223.865 224.118 224.368 226.627
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Percentiles for Well 480 -1

Oth 5th 10 th 25th 100 th
January 288.954 288.973 288.984 289.028 289.353
February 288.784 288.820 288.828 288.886 289.260
March 288.771 288.793 288.846 289.333 290.211
April 289.119 289.194 289.292 289 .406 290.459
May 289.016 289.103 289.167 289.279 290.230
June 289.016 289.075 289.111 289.147 290.040
July 288.991 289.009 289.033 289.146 290.023
August 288.628 288.705 288.721 288.799 289.553
September 288.504 288.554 288.569 288.592 289.345
Octobe r 288.642 288.656 288.670 288.721 289.239
November 288.840 288.853 288.862 288.906 289.230
December 288.970 288.999 289.004 289.031 289.289

Percentiles for Well 486 -2

oth 5th 10 th 251h 100 th
January 484.561 484.671 484.683 484.725 485.104
February 484.536 484.581 484.602 484.778 485.179
March 484.802 484.862 484.897 485.056 485.643
April 485.050 485.078 485.115 485.208 486.285
May 484.852 484.930 485.024 485.067 486.201
June 484.783 484.817 484.837 484.877 485.797
July 484.506 484.527 484.549 484.717 485.237
August 484.382 484.424 484.436 484.480 485.005
September 484.208 484.230 484.262 484.336 484.783
October 484.129 484.137 484.153 484.242 484.724
November 484.245 484.255 484.276 484.327 484.806
December 484.431 484.505 484.528 484.591 484.832
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Appendix B:

Surface Water Low Water Level Results per Stream

Gauge
Level | Level I Level lll
Beeton Lowest
Creek at Average Sprin Other Sorin Other Sprin Other
Tottenham summer pring times pring times pring times
(02ED100) Month
0.2426 0.2426 0.1698 0.1698 0.1213 0.1213 0.0728
Level | Level I Level lll
Innisfil Lowest
Creek at Average Sorin Other Sorin Other Sprin Other
Alliston summer pring times pring times pring times
(02ED029) Month
0.7456 0.7456 0.5219 0.5219 0.3728 0.3728 0.2237
Level | Level I Level lll
Nottawasaga Lowest
River at Average Spring Other Spring Other Spring Other
Baxter summer times times times
(02ED003) Month
3.6811 3.6811 2.5768 2.5768 1.8405 1.8405 1.1043
Level | Level I Level llI
Nottawasaga
River at Lowest
Alliston Average Spring Other Spring Other Spring Other
(02ED101) summer times times times
Month
1.6168 1.6168 1.1318 1.1318 0.8084 0.8084 0.4850
Level | Level I Level llI
N Wi
otgvgsgtga Lowest
Average : Other . Other . Other
Edenvale Spring . Spring . Spring .
summer tim es times times
(02EDO027)
Month
10.4591 10'159 7.3214 7.3214 5.2295 5.2295 3.1377
Level | Level Il Level IlI
Nottawasaga Lowest
River at Average Spring Other Spring Other Spring Other
Hockley summer times times times
(02ED026) Month
0.9 229 0.9229 0.6460 0.6460 0.4615 0.4615 0.2769
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Willow Creek
at
Minesing(02
ED032)

Level | Level Il Level lll
Lowest
Average Spring cher Spring cher Spring cher
summer times times times
Month
1.1485 1.1485 0.8039 0.8039 0.5742 0.5742 0.3445
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Appendix C: Declaration Tables for Groundwater Low Water Levels

Well 223 -1 Well 224 -1
Dez::z:/ag;;) f In Out Deézllae:/ag;;) f In Out

1 3-0Oct-03 14-0Oct-03 1 11-Jan-03 | 31-Jan-03
1 1-Nov-03 18-Nov-03 1 9-Apr-03 30-Apr-03
1 1-Nov-04 16-Nov-04 1 20-May-03 | 31-May-03
1 1-Dec-04 18-Dec-04 1 24 -Jun-03 23-Jul-03
1 1-Oct-05 22-0Oct-05 2 24-Jul-03 31-Jul-03
1 1-Nov-05 28-Nov -05 1 1-Aug-03 30-Sep-03
2 24 -Apr-06 29-Apr-06 2 1-Oct-03 17-0Oct-03
1 30-Apr-06 16-May-06 1 18-0Oct-03 | 27-Dec-03
2 17 -May-06 31-May-06 1 1-Apr-04 13-Apr-04
1 1-Jun-06 19-Jun-06 1 22-Jun-05 2-Aug-05
2 20-Jun-06 30-Jun-06 1 17-Aug-06 | 31-Aug-06
1 1-Jul-06 15-Jul-06 3 1-Sep-06 22 -Nov-06
2 16-Jul-06 31-Jul-06 2 23-Nov-06 | 30-Nov-06
3 1-Aug-06 9-Aug-06 1 1-Dec-06 17-Dec-06
2 10-Aug-06 31-Aug-06 2 18-Dec-06 | 31-Dec-06
3 1-Sep-06 7-0ct-06 1 1-Jan-07 20-Jan-07
2 8-0ct-06 12-Oct-06 2 21-Jan-07 | 31-Jan-07
1 13-Oct-06 7-Nov-06 3 1-Feb-07 4-Mar-07
2 10-Dec-06 14 -Dec-06 1 5-Mar-07 3-Apr-07
1 15-Dec-06 30-Apr-07 2 4-Apr-07 9-Apr-07
1 26-Jun-07 30-Jun-07 3 10-Apr-07 | 23-Apr-07
1 19-Jul-07 30-Sep-07 3 18-Nov-08 5-Dec-08
3 1-Oct-07 25-Apr-08 1 6-Dec-08 11-Dec-08
2 26 -Apr-08 13-May-08

1 14 -May-08 31-May-08
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Well 230 -1 Well 231 -1
Declaration Declaration
(Level) In Out (Level) In Out
1 12-Jul-03 10-Aug-03 3 7-Jan-06 25-Jan-06
2 1-Sep-03 12-Sep-03 2 26-Jan-06 18-Feb-06
3 13-Sep-03 18-Sep-03 1 19-Feb-06 | 20-Mar-06
2 19-Sep-03 30-Sep-03 2 21-Mar-06 | 31-Mar-06
3 1-Oct-03 18-0Oct-03 3 1-Apr-06 11-Apr-06
1 1-Sep-04 13-Sep-04 2 12-Apr-06 23-Apr-06
3 1-Oct-04 23-0ct-04 3 24-Apr-06 20-Jun-06
2 24-0ct-04 29-0ct-04 2 21-Jun-06 30-Jun-06
1 30-0Oct-04 30-Nov-04 3 1-Jul-06 31-Jul-06
3 1-Dec-04 18-Dec-04 1 1-Aug-06 31-Aug-06
2 19-Dec-04 31-Dec-04 3 1-Sep-06 20-Sep-06
1 1-Jan-05 31-Jan-05 2 21-Sep-06 | 30-Sep-06
2 1-Feb-05 3-Mar-05 3 1-Oct-06 23-0ct-06
1 4-Mar-05 21-Mar-05 2 24 -0ct-06 31-0Oct-06
2 22 -Mar-05 31-Mar-05 1 1-Nov-06 27-Nov-06
1 9-Jun-05 30-Jun-05 1 13-Feb-07 | 28-Feb-07
1 18-Jul-05 8-Aug-05 1 1-Apr-07 26-Apr-07
2 9- Aug-05 14 -Aug-05 1 1-May-07 19-May-07
1 15-Aug-05 31-Aug-05 1 1-Jun-07 13-Jun-07
3 1-Sep-05 7-Sep-05 1 1-Sep-10 17-Sep-10
3 11-Apr-06 30-Apr-06 1 5-Jun-11 20-Jun-11
1 1-May-06 8-May-06 1 4-Oct-12 28-0ct-12
1 16-May-06 31-May-06
1 20-Jun-06 30-Jun-06
1 1-Mar-07 25-Mar-07
1 4-Aug-07 31-Aug-07
2 2-Sep-07 8-Sep-07
1 9-Sep-07 21-Sep-07
3 1-Oct-07 14 -Oct-07
1 15-Oct-07 23-0ct-07
1 10-Nov -07 17-Nov-07
2 18-Nov-07 30-Nov-07
3 1-Dec-07 13-Dec-07
2 14 -Dec-07 23-Dec-07
1 1-Feb-08 29-Feb-08
2 1-Mar-08 8-Mar-08
1 9-Mar-08 21-Mar-08
3 10-Dec-08 31-Dec-08
1 1-Mar-09 25-Mar-09
1 16-Feb-11 24-Feb-11
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Well 232 -2 Well 244 -2
Declaration Declaration
(Level) In Out (Level) In Out
2 3-Sep-03 30-Sep-03 2 8-Mar-03 31-Mar-03
3 1-Oct-03 16-Oct-03 3 1-Apr-03 19-Jun-03
1 17-0ct-03 29-0ct-03 2 20-Jun-03 31-Jul-03
1 2-Nov-03 17-Nov-03 1 1-Aug-03 19-Aug-03
1 1-Mar-04 23-Mar-04 2 20-Aug-03 | 31-Aug-03
1 1-Sep-04 15-Sep-04 1 1-Sep-03 16-Sep-03
2 1-Oct-04 15-Oct-04 2 17-Sep-03 [ 30-Nov-03
1 16-Oct-04 25-Nov-04 3 1-Dec-03 31-Jan-04
1 1-Dec-04 20-Dec-04 2 1-Feb-04 15-Feb-04
2 1-Jan-05 7-Jan-05 1 16-Feb-04 | 31-Mar-04
1 8-Jan-05 16-Jan-05 2 1-Apr-04 6-Apr-04
2 1-Apr-05 9-Apr-05 1 7-Apr-04 31-May-04
1 10-Apr-05 17-Apr-05 2 1-Jun-04 16-Jun-04
3 30-Sep-05 8-Nov -05 1 17-Jun-04 31-Jul-04
2 9-Nov-05 15-Nov-05 1 8-Aug-04 30-Sep-04
1 16 -Nov-05 30-Nov-05 1 20-Oct-04 31-Oct-04
3 1-Dec-05 17 -Dec-05 1 15-Nov-04 | 28-Feb-05
2 18-Dec-05 31-Dec-05 1 19-Mar-05 | 31-Mar-05
3 1-Jan-06 6-Feb-06 2 1-Apr-05 20 -Apr-05
1 7-Feb-06 20-Feb-06 1 21-Apr-05 | 30-Apr-05
1 24 -Jul-06 31-Aug-06 2 1-May-05 10-May-05
3 1-Sep-06 16-Sep-06 1 11-May-05 | 31-May-05
1 17-Sep-06 23-Sep-06 2 1-Jun-05 16 -Jun-05
1 3-0Oct-06 18-Oct-06 1 17-Jun-05 30-Jun-05
1 1-Nov-06 6-Nov-06 1 1-Jan-06 30-Jan-06
1 1-Dec-06 13-Dec-06 1 1-Apr-06 8-Apr-06
1 1-Jan-07 31 -Mar-07
3 1-Apr-07 11-Apr-07
1 12-Apr-07 17-Apr-07
1 21-Jun-07 30-Jun-07
1 7-Jul-07 21-Aug-07
2 22-Aug-07 31-Aug-07
3 1-Sep-07 15-Nov-07
2 16 -Nov-07 10-Dec-07
1 11-Sep-08 22-Sep-08
1 5-Oct-08 14-Oct-08
1 6-Mar-10 17-Mar-10
1 25-Apr-10 30-Apr-10
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Well 245 -2 Well 281 -1
Declaration Declaration
(Level) In Out (Level) In Out

1 8-Mar-03 5-Apr-03 3 18-Apr-03 | 11-May-03
2 6-Apr-03 18-Apr-03 1 12-May-03 | 22-May-03
1 19-Apr-03 30-Apr-03 2 23-May-03 | 31-May-03
1 22 -May-03 31-May-03 1 6-Jun-03 15-Jun-03
1 13-Jul-03 30-Sep-03 1 24-Jun-03 30-Jun-03
3 1-Oct-03 22-0ct-03 1 22-0ct-03 | 24-Nov-03
2 23-0ct-03 31-0Oct-03 1 1-Nov-05 31-Dec-05
3 1-Nov-03 22-Apr-04 3 1-Jan-06 28-Feb-06
1 8-Sep-04 14-Sep-04 1 3-Mar-06 22 -Mar-06
3 1-Oct-04 20-0Oct-04 1 1-Apr-06 11-Apr-06
1 21-0Oct-04 6-Mar-05 3 1-Jan-07 8-Jan-07
1 23-Mar-05 31-Mar-05 1 2-Mar-07 22 -Mar-07
2 1-Apr-05 30-Apr-05 1 1-Apr-07 12-Apr-07
1 24 -May -05 31-May-05 1 25-Aug-07 | 31-Aug-07
1 17 -Jun-05 30-Jun-05 1 21-Sep-07 17-Oct-07
1 26 -Jul-05 31-Aug-05 2 18-Oct-07 31-0Oct-07
2 1-Sep-05 30-Sep-05 3 1-Nov-07 18-Nov-07
3 1-Oct-05 20-Oct-05 2 19-Nov-07 | 30-Nov-07
1 21-0ct-05 14-Nov-05 3 1-Dec-07 21-Dec-07
1 1-Dec-05 22-Dec-05 2 22-Dec-07 | 31-Dec-07
1 1-Jan-06 24 -Jan-06 3 1-Jan-08 12-Feb-08
1 25-Aug-06 1-Sep-06 1 1-Apr-08 17-Apr-08
2 2-Sep-06 10-Sep-06 3 12-Jan-10 31-Jan-10
1 11-Sep-06 19-Sep-06 1 2-Mar-10 21-Mar-10
1 1-Oct-06 7-Oct-06 1 1-Apr-10 7-Apr-10
1 1-Nov-06 8-Nov-06 3 1-Jan-13 28-Jan-13
1 15-Jul-07 24 -Jul-07

1 17 -Aug-07 24-Aug-07

2 25-Aug-07 5-Sep-07

1 22-Sep-07 30-Sep-07

3 1-Oct-07 14-Oct-07

1 15-0Oct-07 25-Nov-07

1 1-Dec-07 28-Dec-07

1 1-Jan-08 17-Jan-08

1 1-Aug-11 13-Aug-11
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Well 291 -1 Well 292 -1
Declaration Declaration
(Level) In Out (Level) In Out

3 19-Apr-03 30-Apr-03 1 24-Apr-03 30-Apr-03
1 21-May-03 31-May-03 1 1-Mar-04 18-Mar-04
1 8-Sep-03 28-Sep-03 1 25-Sep-04 | 30-Nov-04
2 29-Sep-03 17-Oct-03 3 1-Dec-04 15-Dec-04
1 18-0Oct-03 26-0ct-03 2 16-Dec-04 | 21-Dec-04
1 1-Nov-03 7-Nov-03 1 22-Dec-04 | 31-Dec-04
2 8-Nov-03 30-Nov-03 3 1-Jan-05 19-Jan-05
1 1-Mar-04 15-Mar-04 2 20-Jan-05 25-Jan-05
3 1-Apr-04 30-Apr-04 1 26-Jan-05 31-Jan-05
1 1-Nov-04 26 -Dec-04 2 1-Feb-05 31-Mar-05
3 11-0Oct-05 18 -Feb-06 3 1-Apr-05 21-Apr-05
2 19 -Feb-06 28-Feb-06 1 16-Oct-05 31-0ct-05
3 1-Mar-06 25-Mar-06 3 1-Nov-05 20-Jan-06
1 26 -Mar-06 31-Mar-06 2 21-Jan-06 11-Feb-06
3 3-Apr-06 8-Apr-06 1 1-Mar-06 14 -Mar-06
2 9-Apr-06 21-Apr-06 3 27-Apr-10 [ 18-May-10
1 22-Apr-06 30-Apr-06 1 19-May-10 | 31-May-10
1 13-Aug-06 12-Nov-06 1 1-Mar-11 13-Mar-11
2 13-Nov-06 2-Dec-06 1 19-Jun-12 30-Jun-12
1 1-Mar-07 15-Apr-07 1 20-Jul-12 3-Aug-12

3 16-Apr-07 April 30,07 2 4-Aug-12 21-Aug-12
2 1-Nov-07 30-Nov-07 1 22-Aug-12 | 31-Aug-12
1 1-Dec-07 15-Dec-07 1 21-Sep-12 4-0ct-12

3 1-Apr-08 30-Apr-08

2 1-Nov-08 30-Nov-08

3 1-Apr-08 April 30 08

2 1-Nov-08 30-Nov-08

3 1-Apr-09 30-Apr-09

2 1-Nov-09 30-Nov-09

1 1-Mar-10 26-Mar-10

1 1-Apr-10 21-May-10

2 1-Nov-10 30-Nov-10

1 1-Mar-11 12-Mar-11

3 1-Apr-11 30-Apr-11

3 8-May-12 31-May-12

1 1-Jun-12 13-Jun-12

2 14-Jun-12 30-Jun-12

1 13-Jul-12 31-Aug-12

2 1-Nov-12 30-Nov-12

1 9-Dec-12 31-Dec-12
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Well 323 -2 Well 323 -3
Declaration Declaration
(Level) In Out (Level) In Out
2 20-Jan-03 30-Jun-03 1 20-Jun-03 | 30-Jun-03
1 1-Jul-03 16-Jul-03 1 2-0Oct-03 12-Jan-04
2 17-Jul-03 31-Jul-03 1 1-Jan-06 14 -Feb-06
1 1-Aug-03 20-Aug-03 1 25-Jul-06 21-0Oct-06
2 21-Aug-03 31-Aug-03 2 22-0ct-06 31-Oct-06
1 1-Sep-03 21-Sep-03 1 1-Nov-06 30-Nov-06
2 22-Sep-03 30-Sep-03 2 1-Dec-06 6-Dec-06
1 1-Oct-03 23-0Oct-03 1 7-Dec-06 31-Dec-06
2 24-0Oct-03 31-0Oct-03 2 1-Jan-07 7-Jan-07
3 1-Nov-03 13-Jan-04 1 8-Jan-07 31-Jan-07
1 14 -Jan-04 30-Jan-04 2 1-Feb-07 28-Feb-07
2 4-Feb-04 10-Feb-04 1 1-Mar-07 31-Mar-07
1 11-Feb-04 31-Mar-04 3 1-Apr-07 18-Apr-07
3 1-Apr-04 21-Apr-04 2 19-Apr-07 | 31-May-07
2 22-Apr-04 30-Apr-04 1 1-Jun-07 9-Jun-07
3 1-May-04 16 -May-04 2 10-Jun-07 | 30-Jun-07
2 17-May-04 22 -May-04 1 1-Jul-07 20-Jul-07
1 23-May-04 29-May-04 2 21-Jul-07 31-Jul-07
1 1-Jan-06 9-Jan-06 1 1-Aug-07 21-Aug-07
2 10-Jan-06 31-Jan-06 2 22-Aug-07 | 31-Aug-07
3 1-Feb-06 28-Feb-06 1 1-Sep-07 9-Sep-07
1 1-Mar-06 31-Mar-06 2 10-Sep-07 3-0Oct-07
3 1-Apr-06 19-Apr-06 3 4-0ct-07 31-Oct-07
2 20-Apr-06 30-Apr-06 2 1-Nov-07 30-Nov-07
3 1-May-06 20-May-06 3 1-Dec-07 25-Apr-08
1 21-May-06 28-May-06 1 26-Apr-08 | 31-May-08
1 24 -Aug-06 31-Aug-06
1 6-Sep-06 30-Sep-06
1 24-0ct-06 31-Oct-06
1 1-Apr-07 23-Apr-07
2 6-May-07 19-May-07
1 20-May-07 30-Jun-07
1 19-Jul-07 31-Jul-07
1 19-Nov-07 31-Dec-07
3 1-Jan-08 20-Jan-08
2 21-Jan-08 31-Jan-08
3 1-Feb-08 16 -Feb-08
1 17-Feb-08 26-Feb-08
1 1-Mar-08 31-Mar-08
3 1-Apr-08 17-Apr-08
1 18-Apr-08 24 -Apr-08
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Well 323 -4 Well 479 -1
Declaration Declaration
(Level) In Out (Level) In Out

1 1-Oct-03 19-0Oct-03 3 10-Jan-09 23-Jan-09
1 1-Nov-03 17-Nov-03 1 24-Jan-09 8-Feb-09

1 1-Sep-05 30-Sep-05 2 4-Mar-10 12-Mar-10
2 1-Oct-05 13-Oct-05 1 13-Mar-10 | 31-Mar-10
1 14-Oct-05 31-Dec-05 1 15-Apr-10 30-Apr-10
2 1-Jan-06 31-Jan-06 1 6-May-10 31-May-10
3 1-Feb-06 7-May-06 1 5-Jun-10 11-Jun-10
2 8-May-06 18 -May-06 2 12-Jun-10 2-Jul-10

1 19-May-06 31-May-06 1 1-Sep-10 30-Sep-10
1 18-Jun-06 30-Jun-06 2 1-Oct-10 31-0Oct-10
1 24 -Jul-06 31-Jul-06 3 1-Nov-10 23-Nov-10
1 21-Aug-06 31-Aug-06 1 24-Nov-10 | 30-Nov-10
2 1-Sep-06 10-Sep-06 1 12-Feb-11 | 28-Feb-11
3 11-Sep-06 24 -Sep-06 2 1-Mar-11 21-Mar-11
2 25-Sep-06 30-Sep-06 1 22-Mar-11 | 31-Mar-11
3 1-Oct-06 7-0ct-06 1 17-May-11 | 31-May-11
2 8-0ct-06 15-0ct-06 1 19-Jul-11 31-Jul-11
1 16 -Oct-06 31-0ct-06 3 1-Aug-11 28-Aug-11
2 3-Nov-06 15-Nov-06 1 1-Sep-11 7-Sep-11
1 16-Nov-06 30-Nov-06

2 1-Dec-06 7-Dec-06

1 8-Dec-06 24 -Dec-06

1 1-Jan-07 23-Jan-07

1 1-Feb-07 17 -Feb-07

1 1-Mar-07 31-May-07

1 9-Jun-07 30-Jun-07

1 10-Jul-07 31-Jul-07

1 15-Aug-07 31-Aug-07

3 2-0ct-07 14 -Jan-08

2 15-Jan-08 20-Jan-08

1 21-Jan-08 31-Jan-08

3 1-Feb-08 7-Feb-08

2 8-Feb-08 14 -Feb-08

1 15-Febh-08 27 -Mar-08

1 11-Apr-08 30-Apr-08
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Well 486 -1 Well 480 -1
Declaration Declaration
(Leve I) In Out (Level) In Out

1 23-May-10 31-May-10 1 1-Mar-10 9-Apr-10

1 22-Jun-10 30-Jun-10 1 22-Apr-10 30-Apr-10
1 1-Dec-10 31-Dec-10 1 7-May-10 31-May-10
3 1-Jan-11 26-Jan-11 1 19-Jun-10 6-Jul-10

1 27-Jan-11 28-Feb-11 3 1-Oct-10 15-Oct-10
3 1-Mar-11 19-Mar-11 1 16-Oct-10 27-0ct-10
1 20-Mar-11 25-Mar-11 3 1-Nov-10 21-Nov-10
1 11-Oct-11 31-Oct-11 1 22-Nov-10 | 28-Nov-10
3 1-Nov-11 12-Nov-11 3 1-Dec-10 16-Dec-10
1 13-Nov-11 30-Nov-11 1 17-Dec-10 | 27-Dec-10
3 1-Dec-11 21-Dec-11 1 1-Mar-11 18-Mar-11
1 22-Dec-11 26-Dec-11

1 1-Mar-12 23-Mar-12

1 25-Jul-12 31-Jul-12
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Appendix D: Declaration Tables for Surface Water Low Water Levels

Beeton Creek at Tottenham

Nottawasaga River at Alliston

02ED101)
Declaration
(Level) In Out
1 24-Jun-03 | 10-Aug-03
1 21-Aug-03 9-Sep-03
2 10-Sep-03 | 20-Sep-03
1 20-Aug-04 | 28-Aug-04
1 20-Sep-04 | 16-Oct-04
1 24-Jun-06 | 29-Jun-06
1 13-Aug-06 | 27-Aug-06
1 18-Jun-07 | 30-Jun-07
1 28-Jul-07 26 -Aug-07
1 2-Sep-07 10-Sep-07
1 21-Sep-07 8-0ct-07
1 21-Jun-12 | 30-Jun-12
1 20-Jul-12 26-Jul-12

02ED100)
Declaration
(Level) In Out

1 24 -Jan-03 5-Feb-03
18-Feb-

1 03 23-Feb-03

1 24-Jun-03 31-Jul-03

2 1-Aug-03 6-Aug-03

1 7-Aug-03 28-Aug-03

1 4-Sep-03 8-Sep-03

2 9-Sep-03 17-Sep-03
18-Sep-

1 03 21-Sep-03

1 24-Jun-04 | 30-Jun-04
29-Sep-

1 04 16-Oct-04
29-May -

2 05 15-Jun-05

1 24 -Jun-05 19-Jul-05

1 26 -Jul-05 26-Sep-05

1 9-0Oct-05 17-0Oct-05

1 19-Jun-06 | 30-Jun-06

1 22-Jul-06 6-Aug-06
11-Aug-

1 06 17-Aug-06
18-Aug-

2 06 28-Aug-06
29-Aug-

1 06 6-Sep-06

1 17-Jun-07 | 23-Jun-07

2 24-Jun-07 | 30-Jun-07

1 1-Jul-07 8-Aug-07

2 9-Aug-07 20-Aug-07
21-Aug-

1 07 27-0Oct-07
30-May -

1 08 5-Jun-08
23-Aug-

2 08 1-Sep-08

1 2-Sep-08 10-Sep-08

40




Nottawasaga River at Baxter

Nottawasaga River at Edenvale

02EDO 03)
Declaration
(Level) In Out

1 26-Jun-03 7-Jul-03

2 8-Jul-03 8-Aug-03
23-Aug-

1 03 20-Sep-03

1 29-Jun-05 7-Jul-05
11-Aug-

1 05 21-Aug-05

1 9-Sep-05 26-Sep-05

1 23-Jun-06 [ 30-Jun-06
12-Aug-

1 06 17 -Aug-06
18-Aug-

2 06 30-Aug-06

2 24 -Jun-07 16 -Jul-07

1 17-Jul-07 28-Jul-07

2 29-Jul-07 [ 29-Aug-07

1 2-Sep-07 12-Sep-07

1 23-Sep-07 | 10-Oct-07

1 21-Jun-12 17-Jul-12

Willow Cr eek at Minesing

02ED032)
Declaration
(Level) In Out

1 22-Jun-06 | 27-Jun-06

1 25-Jun-07 | 30-Jun-07

1 31-Jul-07 11-Sep-07

1 24-Sep-07 | 29-Sep-07
27 -May -

1 12 3-Jun-12

1 20-Jun-12 | 30-Jun-12

1 14-Jul-12 | 12-Aug-12
23-Aug-

1 12 8-Sep-12

(02ED027)
Declaration
(Level) In Out
1 7-Jul-03 31-Jul-03
2 1-Aug-03 10-Aug-03
1 25-Aug-03 14-Sep-03
2 15-Sep-03 | 24-Sep-03
1 9-Sep-05 29-Sep-05
1 11-Oct-05 18-0Oct-05
1 24-Jun-06 30-Jun-06
1 14 - Aug-06 4-Sep-06
1 22-Jun-07 22-Jul-07
1 29-Jul-07 5-Aug-07
2 6-Aug-07 29-Aug-07
1 3-Sep-07 14-Sep-07
1 23-Sep-07 10-Oct-07
1 25-Jun-12 30-Jun-12
Nottawasaga River at Hockley
(02ED026)
Declaration
(Level) In Out
1 22-Jan-03 4-Feb-03
1 22-Jun-03 7-Aug-03
20-Aug-
1 03 19-Sep-03
1 27-Sep-04 14-Oct-04
14-Aug-
1 05 19-Aug-05
1 8-Sep-05 26-Sep-05
1 23-Jun-06 29-Jun-06
1 18-Jun-07 30-Jun-07
1 28-Jul-07 11-Sep-07
1 19-Sep-07 6-0Oct-07
1 14-Sep-11 23-Sep-11
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Innisfil Creek at Alliston (02ED029)

Declaration
(Level) In Out

2 25-Jul-05 | 21-Aug-05
1 22-Aug-05 8-Sep-05
2 9-Sep-05 29-Sep-05
1 8-0ct-05 18-Oct-05
1 25-Jun-06 | 30-Jun-06
1 22-Jul-06 | 14-Aug-06
3 15-Aug-06 | 26-Aug-06
2 27-Aug-06 7-Sep-06
3 28-Jun-07 7-Jul-07

2 8-Jul-07 1-Aug-07
3 2-Aug-07 25-Aug-07
2 26 -Aug-07 8-0ct-07

1 9-0Oct-07 9-Nov-07
1 4-Sep-10 17 -Sep-10
2 20-Jul-11 29-Jul-11
1 14-Sep-11 | 22-Sep-11
1 21-Jun-12 3-Jul-12

2 4-Jul-12 17-Jul-12
1 18-Jul-12 27-Jul-12
1 28-Aug-12 8-Sep-12

Declaration
(Level) In Out

1 12-Feb-00 23-Feb-00
2 14-Jul-01 23-Jul-01
1 24 -Jul-01 31-Jul-01
3 1-Aug-01 21-Aug-01
2 22-Aug-01 30-Aug-01
3 30-Aug-01 27-Sep-01
2 15-Jul-02 30-Jul-02
3 11-Aug-02 23-Aug-02
2 24-Aug-02 1-Sep-02
3 2-Sep-02 23-Sep-02
2 24 -Sep-02 20-0Oct-02
1 21-0Oct-02 28-0ct-02
1 1-Nov-02 8-Nov-02
1 25-Jan-03 5-Feb-03

1 27-Jun-03 6-Jul-03

2 7-Jul-03 21-Jul-03
3 22-Jul-03 8-Aug-03
1 15-Aug-03 20-Aug-03
2 21-Aug-03 5-Sep-03
3 6-Sep-03 24 -Sep-03
1 3-0ct-03 15-0Oct-03
1 25-Sep-04 17-0Oct-04
2 4-Jul-05 18-Jul-05
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Appendix

E: Scatter Plots Matrices
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