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Executive Summary 
 
This report documents the approach and findings of the Tier 1 Water Budget and Water 
Quantity Stress Assessment for the Niagara Peninsula Source Protection Area.  This 
report presents the results of the stress assessment under average current conditions.  The 
Water Budget and Water Quantity Stress Assessment approach outlined in this document, 
follows the guidelines developed by the Province (Ministry of the Environment, 2007).  
The Water Quantity Stress Assessment is a structured means of evaluating the degree of 
potential water quantity stress throughout an area by comparing the volume of water 
demand to that which is practically available for use. 
 
The Water Quantity Stress Assessment, for average conditions (Rule 33, described 
herein) was completed using a set of water budget tools.  To simulate surface water flows 
and partitioning of precipitation, continuous hydrologic modelling was employed using 
the HEC-HMS models constructed for each watershed planning area.  To simulate 
groundwater flows, a Darcy flow approach across watershed planning area boundaries 
was developed.  This volumetric flow is intended to represent average groundwater flow 
conditions.  Together these modelling tools provide a physical means of quantifying 
surface water and groundwater flows through the system for use in the stress assessment 
calculations. 
 
To complete the stress assessment, efforts were undertaken to quantify and characterize 
the consumptive water demand throughout the study area.  The water demand 
characterization completed in this study included efforts to verify permit-to-take-water 
(PTTW) information, gathering limited “actual use” data, estimating agricultural demand 
based on detailed agricultural statistics, calculating private well use from detailed 
population statistics and a limited gathering of relevant information contained within 
Ministry of the Environment PTTW files.  The improved understanding of water demand 
provides a reasonable characterization of the degree of stress throughout the study area. 
 
The results of the stress assessment suggest that all watershed planning areas considered 
are under a significant or moderate degree of stress except Twelve Mile Creek.  The areas 
under significant potential for surface water stress are Beaverdams and Shriners Creek, 
Big Forks Creek, Fifteen, Sixteen and Eighteen Mile Creeks, Grimsby, Lincoln, Niagara-
on-the-Lake and Twenty Mile Creek.  Moderate potential for surface water stress is found 
in the areas of Central Welland River, Fort Erie Creeks, Lower Welland River, South 
Niagara Falls, Upper Welland River and Lake Erie North Shore.  Lake Erie North Shore 
is under significant potential for groundwater stress while Fort Erie Creeks and Fifteen, 
Sixteen and Eighteen Mile Creeks are under moderate potential for groundwater stress.  
No municipal drinking water supplies are impacted.  This assessment indicates a similar 
degree of potential for stress to that which was previously indicated in the MOE (2005) 
designation of “High Use Watershed”. 
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1. INTRODUCTION  

1.1 Background and Objectives 

The Niagara Peninsula Conservation Authority (NPCA) has completed this Tier 1 Water 
Budget and Water Quantity Stress Assessment (Tier 1 Water Budget) as part of the 
Niagara Peninsula Source Protection Area (NPSP Area) Source Water Protection (SWP) 
Assessment Report. 
 
The NPSP Area Tier 1 Water Budget was funded by the province of Ontario.  The study 
methodology was developed by the NPCA in consultation with the Ministry of Natural 
Resources (MNR) and is based on the March 2007 Draft Guidance Module – Water 
Budget and Water Quantity Risk Assessment (Guidance Module).  This work also 
adheres to the Assessment Report Technical Rules (MOE, 2009) and Regulation 287/07. 

The purpose of the Tier 1 Water Budget is to assign every subwatershed a surface water 
stress level and a groundwater stress level. 

1.2 Scope of Current Assessment 

The Tier 1 Water Budget estimates the hydrologic stress of subwatersheds to screen out 
areas that are unstressed from a water quantity perspective.  The screening assessment 
includes an estimation of the percentage of water supply that is demanded consumptively 
by water users (MOE, 2007). 
 
NPSP Area municipal drinking water systems are supplied from Great Lakes and Great 
Lakes connecting channel sources.  The Assessment Report Technical Rules (MOE, 
2009) indicate that a Tier 1 Water Budget “shall not include any part of a surface water 
body that is a Great Lake (or) a connecting channel”.  As such, the Tier 1 Water Budget 
does not assess the hydrologic stress of the NPSP municipal drinking water systems.   
 
Future demand scenarios were completed using the same supply and demands as the 
current scenario (Section 5.5.1).  This is because there is no municipal demand from 
in-land water supplies.   
 
Following the Assessment Report Technical Rules, the source protection process does not 
normally complete Tier Two water budgets for subwatersheds that do not contain inland 
(surface water or groundwater) municipal systems.  Therefore, NPSP Area subwatersheds 
that experience a significant to moderate degree of stress are not expected to complete 
Tier Two water budgets for the source protection process.  This is because there are no 
municipal in-land surface water or groundwater supplies.  Stressed subwatersheds may 
however be highlighted for consideration under other government programs (e.g. Permit 
To Take Water).   
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The Tier 1 Water Budget surface water supply and groundwater recharge was calculated 
from fifteen year averages (1991-2005) while consumption was based upon the most 
recent dataset available, which ranged from 2006 to 2008. 

1.3 Methodology 

The Tier 1 Water Budget consisted of three (3) estimates: 
1. Water Supply; 
2. Consumptive Demand; and 
3. Water Reserve. 

 
As per the Guidance Module and Assessment Report Rule 21, the stress assessment was 
completed separately for groundwater and surface water supplies to identify 
subwatersheds under a significant or moderate degree of stress. 

1.3.1 Water Supply 

The monthly surface water supplies were estimated from HEC-HMS continuous surface 
water models which were calibrated where available,.  The surface water supply was 
calculated as the monthly median flow.  Model inputs included a climatic data fill-in 
(Schroeter and Associates, 2007) and analysis of stream gauges (AquaResource Inc., 
2007).  The models also included the influence of regulating features, and the model 
outputs included calculations of evapotranspiration, runoff and recharge.  
 
The groundwater supply (discharge) was estimated from a summation of groundwater 
recharge and lateral groundwater flow into a subwatershed.  Aquifer storage was not 
considered as part of the Tier 1 Water Budget. A calibrated continuous surface water 
model was used to estimate groundwater recharge, the same as used for calculation of the 
surface water supply.  The lateral groundwater flow into a subwatershed was estimated as 
a flux estimate from groundwater level maps.   

1.3.2 Consumptive Demand 

The majority of consumptive demand was estimated using the Permit To Take Water 
(PTTW) database.  The database is maintained to regulate large users of water (greater 
than 50,000 L/day).  The actual daily water takings were not provided from the Ministry 
of the Environment (MOE).  However actual water takings were directly obtained by 
NPCA from some PTTW holders for large takings.  Monthly estimates of consumptive 
demand were completed through the application of consumptive factors (AquaResource 
Inc., 2005) and seasonal demand adjustments (GRCA, 2005). 
 
Other non-permitted water use sectors were also estimated.  These included 
non-permitted livestock, agricultural irrigation and rural domestic use.  The consumptive 
demand from non-permitted agricultural water use was estimated using a de Loe 
methodology (2005, 2001). 
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Non-consumptive returns (e.g. private sewage systems) were not considered as the 
province has indicated they should be incorporated into a Tier 2 or 3 analysis as deemed 
necessary. 

1.3.3 Water Reserve 

Water reserve is a proportion of water that must be sustained to support human, e.g. 
dilution of sewage treatment plant discharge or ecological requirements, e.g. sustaining 
discharge flows to sensitive fish habitat. 
 
The surface water monthly water reserve was calculated as the 90th percentile from the 
continuous surface water model.  This is the streamflow rate that is exceeded 90% of the 
time on a flow duration (exceedance) curve. 
 
The groundwater reserve was calculated as 10% of the estimated annual groundwater 
supply.  Groundwater supply is a combination of the (i) groundwater recharge from the 
continuous surface water model and (ii) the groundwater in-flux from the Darcy flow 
analysis. 
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2. WATERSHED CHARACTERIZATION 
A brief description of relevant watershed information is presented below.  More detailed 
information on the watershed is available in the Watershed Characterization report 
(NPCA, 2008), Conceptual Water Budget (NPCA, 2007) and the ten (10) Water 
Availability Studies (AquaResource Inc. and Niagara Peninsula Conservation Authority, 
2009a-2009j).  The Water Availability Studies were prepared to calculate the supply 
terms for the Tier 1 Water Budget and are discussed in Section 4. 

2.1 Subwatersheds – Watershed Planning Areas 

The Guidance Module indicates water budget assessment areas (subwatersheds) should 
be centered on municipal drinking water systems.  However, as mentioned in Section 1.2, 
the NPSP Area sources are Great Lakes and connecting channels, and are not to be 
considered in a Tier 1 Water Budget.  Instead NPSP Area Tier 1 Water Budget 
subwatersheds were chosen to meet additional MOE criteria: “include the upstream 
watershed boundar(ies)…aligned with established subwatershed boundaries, such 
as…management subwatersheds delineated by a local conservation authority” 
(MOE, 2007). 

The Niagara Water Quality Protection Strategy (MacViro Consultants Inc, Philips 
Engineering Ltd. and CH2MHILL Ltd., 2003.) was an initiative to protect and improve 
water resources within NPCA.  The Strategy used 32 ‘Local Management Areas’ or 
LMAs, as watershed planning units.  This was a consolidation of over 140 
sub-watersheds (a large number of these are small and on Great Lakes shorelines).  The 
criteria for LMA groupings included shared larger river and lake watersheds, units used 
in previous studies (or by existing community groups) and consistent patterns of 
landscapes or land uses.  NPCA has further grouped these LMAs into fourteen (14) 
Watershed Planning Areas (WSPAs) for NPCA’s Watershed Plan program (Figure 2.1).  
These WSPAs are the stress assessment subwatersheds for the Tier 1 Water Budget.   

The WSPAs will be largely presented as acronyms throughout the report and are 
explained below: 

BDSC – Beaverdams and Shriners Creek LIN – Lincoln 

BFC – Big Forks Creek LWR – Lower Welland River 

CWR – Central Welland River NOTL – Niagara-on-the-Lake 

FEC – Fort Erie Creeks SNF – South Niagara Falls 

FSEM – Fifteen, Sixteen and Eighteen Mile TWEL – Twelve Mile Creek 

GR – Grimsby TWEN – Twenty Mile Creek 

LENS – Lake Erie North Shore UWR – Upper Welland River 
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The remainder of NPCA is split between two urban areas, not scheduled for watershed 
plans, St.Catharines Urban (SCU) and Niagara Falls Urban (NFU) (Figure 2.1). 

The WSPAs range in size from 35 to 478 km2 (Figure 2.1) and average 168 km2 in size.  
The Guidance Module recommends assessment areas no smaller than 20 km2 and on the 
order of 100 km2 (MOE, 2007).  St.Catharines Urban (SCU) and Niagara Falls Urban 
(NFU) are 48 km2 and 21 km2 in size, respectively.     

Of the fourteen (14) WSPAs only two (2) are not headwater WSPAs.  Or said another 
way, only two WSPAs do not include their upper drainage basins, these are CWR and 
LWR.  CWR is downstream of UWR and BFC while LWR is downstream of UWR, BFC 
and CWR.   

2.2 Climate 

The climate of Southern Ontario is characterized as having warm summers, mild winters, 
a long growing season, and usually reliable rainfall.  The climate within southern Ontario 
differs somewhat from one location to another and from one year to the next.  Spatial 
variations are generally caused by the topography and varying exposure to the prevailing 
winds in relation to the Great Lakes (Schroeter et al, 1998). 

According to Brown et al. (1980), the NPSP Area is located in the Niagara Fruit Belt 
climatic region.  Spatial variations in mean annual precipitation and snowfall were 
prepared from Meterological Survey of Canada (MSC) station data as shown on Figure 
2.2 and Table 2.1 and illustrated in Figures 2.3 and 2.4.  

Figure 2.3 shows isolines of average annual precipitation (rain plus snow) for the period 
1991-2005.  This time period was chosen to best suit available datasets and meet the 
World Meteorological Organization climate normal criterion of fifteen years.  The least 
amounts of precipitation are received along the shore of Lake Ontario (less than 
850 mm).  The most precipitation (more than 1,000 mm) is received in the Fort Erie area 
on the shore of Lake Erie.  These trends compare well to those in Sanderson’s Weather 
and Climate in Southern Ontario (2004). 

The map of average annual snow water equivalent (Figure 2.4) shows large differences 
within the NPSP Area: greater than 175 mm in the Fort Erie and Grimsby areas and less 
than 125 mm in the NOTL and Haldimand/Pelham areas.  Snow water equivalent is the 
amount of water contained within a snow pack (i.e. the depth of water that would result if 
a snowpack was melted instantaneously). 

Net solar radiation is “the net amount of radiant energy available at a vegetation or soil 
surface for evaporating water, heating the air or heating the surface” (Allen et al, 2005). 
This energy received from the sun is the basic reason for our temperatures and perhaps 
the most significant of all climatic elements (Sanderson, 2004).  The net solar radiation 
was calculated from eight (8) stations located in or near NPCA for the period 1991-2005.  
The stations available were located from Buffalo, NY to the Hamilton Royal Botanical 
Gardens (RBG) (Figure 2.1).  This data was required as a model input parameter for the 
Water Availability Studies.  The greatest monthly variation between station 
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measurements occurred during the summer period (Figure 2.5) and suggests an increase 
in net solar radiation going to the northwest from the southeast. 

Isotherms of annual mean temperature for the fifteen year period 1991-2005 in NPCA are 
shown on Figure 2.6.  The range of mean temperatures are from 8oC at Hamilton Airport 
to 9.5oC at Vineland and Port Dalhousie.  Mean temperatures are generally warmer 
moving from the west towards the center of NPCA and lower elevations. 

Climate summaries were also tabulated (Table 2.2) per WSPA.  These were based upon 
Environment Canada datasets filled-in by Schroeter and Associates (2007) for the fifteen 
(15) stations used in the Water Availability Studies (Figure 2.1).  The “fill-in” procedure 
consisted on (i) assembling available meteorological data, (ii) filling-in for missing 
values in daily records, (iii) filling-in for missing values in hourly rainfall records and 
(iv) formatting data.  The “fill-in” procedure is described in Appendix A as completed for 
the Ministry of Natural Resources and Source Water Protection.  NPCA also directly 
retained Schroeter and Associates to complete some additional station “fill-ins” to 
improve the station density for the period 1990-2005.   

The climate summaries are grouped per WSPA according to the stations assigned for 
each HEC-HMS Water Availability Study model (Section 4).  An attempt was made to 
also use Niagara Region climate stations however it was determined during the climate 
fill-in procedure that they under-predict precipitation amounts during the winter. 

General observations from the 1991-2005 MSC station data include: 

 The driest and warmest calendar year was 1998 and had generally the lowest 
values for both precipitation and snow; 

 The wettest calendar year was 1996; 

 14-17% of precipitation was generally snow; 

 Lowest monthly precipitation was measured in February; and 

 The wettest month was generally September. 

2.2.1 Climate Data Gaps 

The NPSP Area lacks sufficient long-term meteorological datasets collected to a national 
standard.  Of the fifteen (15) Meteorological Survey of Canada (MSC) stations filled-in 
for the Tier 1 Water Budget only five (5) are still operating: Hamilton Airport, Welland, 
Port Colborne, Fort Erie and Grimsby Mountain.  Grimsby Mountain only began 
operation in 2005, while the other four stations at least have longer term datasets 
(42 years and greater).  However, the central, southwest, north and northeast portions of 
NPSP Area are without long-term current climate stations operated year-round to a 
national standard.  A component of the lack of long-term stations is that many historic 
MSC stations were operated by volunteer observers. 
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Other non-federal meteorological station networks (e.g. Niagara Region, NPCA, Weather 
Innovations Incorporated) exist, however their short historic time of operation, lack of 
year-round duration of record (e.g. summer only) and/or not being operated to a national 
standard (e.g. daily totalizer calibration) reduce their suitability for water budget studies.  
Provincial, regional and conservation authority funds are currently spent on climate 
stations for purposes that do not require the year-round measurements to a national 
standard.  The use of NEXRAD (Next Generation Weather Radar) may hold the potential 
to assist with the spatial distribution of precipitation for initiatives such as flood plain 
mapping, however it is largely believed it will be unreliable in accounting for snow.  As a 
consequence it too may not be suitable for future water budgeting work. 
 
Spatial coverage of solar radiation measurements within NPSP Area is also quite limited.  
Measurement of solar radiation is only currently completed in the NPSP Area at one 
privately operated station (Jordan, Weather Innovations Incorporated).  The nearest 
stations outside the NPSP Area are in Niagara Falls and Buffalo, NY through a surrogate 
method based upon standard hourly surface observations (Northeast Regional Climate 
Center) and the closest current Meteorological Survey of Canada station is in Toronto, 
Ontario. 

2.3 Topography 

The WSPA boundaries are largely topographic (i.e. subwatershed) boundaries as 
described in Section 2.1.  The topography in the Niagara Peninsula ranges from its 
highest elevation of 260 metres above sea level (mASL) at the Fonthill Kame-Delta 
Complex at the intersection of four WSPAs: FSEM, CWR, TWEL and BDSC, to its 
lowest at Lake Ontario at 75 mASL (Figure 2.7).   
 
Escarpments play a role in NPSP Area subwatershed boundaries.  The Niagara 
Escarpment forms the east-west topographic boundary between the southern portion of 
LIN and TWEN, as well as the southern boundary of NOTL.  It decreases in elevation in 
the NPSP Area from about 210 m ASL in the west and 200 m ASL in the east towards 
Twelve Mile Creek at about 160 m ASL.  The much less prominent Onondaga 
Escarpment (about 180-190 mASL) largely defines the northern boundary of LENS.  
 
Other topographic boundaries include the Niagara River forming the eastern NPSP Area 
boundary, the Grand River the western boundary, several smaller watersheds of the 
Hamilton Conservation Authority (i.e. Red Hill Creek, and Stoney Creek) the northern 
boundary and Lake Erie the southern boundary.   Many of the other WSPA topographic 
boundaries are much less distinct because of the relatively flat central area. 
 
The three (3) main NPSP Area drainage basins are Lake Ontario, the Niagara River, and 
Lake Erie.  Two (2) WSPAs drain to multiple major basins: NOTL to Niagara River and 
Lake Ontario, and FEC to Lake Erie and Niagara River (Figure 2.8).  Also shown on 
Figure 2.8 are the provincial Quaternary watersheds and 1:10,000 subwatershed 
boundaries.  Of the fourteen (14) WSPAs, only six (6) have single outlets (BFC, CWR, 
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LWR, TWEL, TWEN and UWR), while the remainder have multiple outlets, largely 
from small subwatersheds that discharge to the Great Lakes.   
 
Of the major drainage systems, the two largest are the Welland River (WSPAs UWR, 
CWR and LWR) and Twenty Mile Creek (TWEN).  The Welland River falls 
approximately 82 metres in elevation over its entire course.  The most significant vertical 
drop is a 78 metres drop which occurs over the first 55 kilometres with only a 4 metre 
drop on the lower 80 kilometers of the River.  This slight gradient results in a 
meandering, sluggish river from Port Davidson downstream (approximate intersection of 
the Welland River and Haldimand County boundary).  Twenty Mile Creek begins 
adjacent to the Welland River with rolling topography with fairly steep slopes in the 
headwaters.  The middle and lower portions of the TWEN watershed have a gently 
rolling to flat topography before the creek bed drops almost 100 metres at the Niagara 
Escarpment.  Most of Twenty Mile Creek above the Escarpment flows over bedrock or is 
controlled by bedrock ridges. 

2.4 Physiography 

Chapman and Putnam (1984) describe six (6) major and a number of minor 
physiographic features within the the NPSP Area (Figure 2.9).  These major 
physiographic features include the: 

 Haldimand Clay Plain: a broad flat clay till plain;  

 Niagara Escarpment: the major topographic feature, a north-facing, east-west 
trending bedrock cuesta, capped by Lockport Formation dolostone with up to 120 
metres of relief.  A cuesta is a hill or ridge with a gentle slope on one side and a 
steep slope on the other (AGI, 1974).;   

 Fonthill Kame-Delta Complex:  a large ice-contact deltaic complex rising about 
40 to 75 m above the clay plain, having permeable sediments up to 100 m thick 
with a significant unconfined aquifer that provides large quantities of recharge to 
an intermediate scale groundwater system and the only identified cold water 
system in NPSP Area (Blackport and WHI, 2005).   

 Dunnville Sand Plain: shallow deposits of fine sand and silt; and 

 Lake Iroquois Plain: area of shallow sandy soils largely coincident with the 
Niagara Fruit Belt north of the former shoreline of glacial Lake Iroquois 

 Onondaga Escarpment: north-facing, east-west trending bedrock cuesta with 
approximately 10 metres of relief.   

Minor physiographic features include the Wainfleet Bog and a number of silty to clayey 
till moraines: Vinemount, Niagara Falls, Fort Erie, Mohawk Bay and Crystal Beach.  The 
following is a brief overview of the WSPAs with respect to physiography largely 
borrowed from the Water Availability Study reports (AquaResource Inc. and NPCA, 
2009a through j). 
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The Upper Welland River WSPA is characterized by smooth, moderately sloping 
topography within the Haldimand Clay Plain physiographic region.  On the clay plain, 
the Fort Erie Moraine serves as a drainage divide and a source of springs (A. Michaud, 
personal communication) for TWEN and UWR.  A portion of the Dunnville Sand Plain is 
also located in the southern portion of the WSPA. 

Above the Niagara Escarpment, most of Twenty Mile Creek WSPA lies at the northern 
margin of the Haldimand Clay Plain physiographic region. Drainage for TWEN 
originates in Ancaster and flows easterly between the Fort Erie Moraine to the south, and 
the Niagara Falls Moraine to the north.  Below the escarpment the watershed is within the 
Niagara Fruit Belt portion of the Iroquois Plain. 

The upper portion of Twelve Mile Creek WSPA is characterized by deeply eroded gullies 
due to the multi-branched pattern of the headwaters.  These headwaters are situated at the 
Fonthill Kame-Delta Complex.  The lower portion below the Niagara Escarpment is 
generally flat and typical of valleys found within the Niagara Peninsula.  Twelve Mile 
Creek outlets to Lake Ontario through Martindale Pond in Port Dalhousie.  

The Niagara-on-the-Lake WSPA southern boundary is defined by the Niagara 
Escarpment with a secondary and subdued topographic high located north of the 
escarpment at the former Lake Iroquois shoreline.  Between the former Lake Iroquois 
shoreline and the Lake Ontario shoreline at the northern end of the WSPA is the Iroquois 
Sand Plain.  The influence of the Escarpment is evident particularly on Two, Four and 
Six Mile Creeks having initially relatively steep slopes. 
 
The major physiographic features of Lake Erie North Shore WSPA are the Haldimand 
Clay Plain and the Onondaga Escarpment.  The Onondaga Escarpment (limestone plain) 
forms the northern drainage boundary for a number of catchments in the central portion 
of the WSPA (e.g. Eagle Marsh Drain, Wignell Drain, Beaver Dam Drain and Bearss 
Drain). 

Grimsby WSPA’s Forty Mile Creek above the Niagara Escarpment is constrained on the 
Haldimand Clay Plain by two low till moraines (Niagara Falls and Vinemount). It turns 
northward over the Escarpment at Beamer’s Falls where it has eroded out a long valley 
and then crosses a gently sloping Iroquois Sand Plain to Lake Ontario.  Other much 
shorter streams arise in the Vinemount Moraine immediately above the Escarpment or 
from discharge either from the Escarpment or from the old glacial lake shorecliffs 
immediately below it. All watercourses flow northward across the sand and shale plains 
to Lake Ontario. 

Lincoln WSPA streams either arise in the narrow till moraine immediately above the 
Escarpment (Vinemount Moraine) or originate with groundwater discharge from the 
Escarpment and associated glacial lake shorecliffs.  They cross a wide plain of shale and 
sand before emptying into Lake Ontario.  Only Thirty Mile Creek includes any headwater 
area in the Haldimand Clay Plain beyond the strip of moraine above the Escarpment. 
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Above the Niagara Escarpment, Fifteen, Sixteen and Eighteen Mile Creek WSPA and 
their tributaries originate in the Haldimand Clay Plain, with the exception of a portion of 
Fifteen Mile Creek that flows off the west side of the Fonthill Kame-Delta Complex. 
Below the Escarpment, a band of glacial shorecliff underlying old Highway 8 cuts across 
the clay plain. The remainder of the watershed, below the Escarpment, is comprised of 
Lake Iroquois Sand Plain to the Lake Ontario shoreline. 
 
The physiography of Fort Erie Creeks WSPA is largely Haldimand Clay Plain.  The 
southwestern boundary with LENS is defined by the Crystal Beach Moraine.  Within 
FEC the Onondaga Escarpment defines the boundary between a number of watercourses, 
including Beaver Creek, Six Mile Creek, Frenchmans Creek and Miller Creek.  The Fort 
Erie Moraine separates Frenchmans Creek from the Kraft Drain, and some of the other 
Lake Erie draining catchments. 

The physiography of South Niagara Falls and Lower Welland River WSPAs is largely 
Haldimand Clay Plain. The Niagara Falls Moraine defines a portion of the northwest 
LWR boundary and the Fort Erie Moraine a portion of the southwest SNF boundary. 
 
The Central Welland River WSPA is located predominantly within the Haldimand Clay 
Plain physiographic region with a northeastern portion located in the Fonthill 
Kame-Delta Complex. 

The Big Forks Creek WSPA is largely part of the Dunnville Sand Plain and the 
Haldimand Clay Plain.  A small portion of the Wainfleet Bog is also located in BFC. 

The Beaverdams and Shriners Creek WSPA crosses a number of physiographic features.  
From south to north (upstream to downstream) features include the Wainfleet Bog, the 
Fonthill Kame-Delta Complex, the Haldimand Clay Plain, the Niagara Escarpment and 
the Iroquois Sand Plain.  

2.5 Soils 

The mapped soils information was provided by the Ontario Ministry of Agriculture and 
Food and combines three (3) soil survey areas, Haldimand County, Niagara Region and 
City of Hamilton (Figure 2.10). 

The mapped soils are classified into four hydrologic soil groups (A, B, C and D).  The 
grouping is according to the soil’s minimum infiltration rate, obtained for bare soil after 
prolonged wetting.  The Hydrologic Soil Groups (HSG) are described: 

 Group A: sand, loamy sand or sandy loam; 
 Group B: silt loam or loam; 
 Group C: sandy clay loam; and 
 Group D: clay loam, silty clay loam, sandy clay, silty clay or clay. 

The category of “other” consists of soils that were not mapped or is coincident with an 
area of high runoff, i.e. urban areas, water bodies, bedrock at surface.  These polygons 
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were not assigned HSG values in the modelling study but did contribute to the percentage 
of impervious area.  Organic soils were assigned Group D HSG parameters.   

The dominant soil groups per WSPA (Table 2.3) are generally C and D (except at 
TWEL) and amount to between 21-64 and 25-66 percent of WSPA areas, respectively.   
 

Table 2.3: WSPA Hydrologic Soil Group Percentages (%) 
WSPA BDSC BFC CWR FEC FSEM GR LENS 

A 1 3 2 <1 6 2 1 
B 1 3 2 6 4 3 11 
C 34 40 23 21 54 39 24 
D 26 54 50 60 31 49 44 

Other 38 <1 23 12 5 7 16 
Organic - - - 1 <1 - 4 
WSPA LIN LWR NOTL SNF TWEL TWEN UWR 

A 4 - 2 - 6 <1 <1 
B 16 - 8 <1 6 2 1 
C 42 23 37 29 37 55 64 
D 25 37 39 66 13 39 34 

Other 13 40 14 5 39 4 1 
Organic - - <1 <1 - - - 

2.6 Streamflow 

AquaResource Inc. completed an analysis of baseflow separation and streamflow 
recession for NPCA in November 2007.  Six (6) stations were available for analysis 
within the NPSP Area as shown below in Table 2.4 and Figure 2.1.  Four (4) of the 
stations had records for the entire period of interest (1991-2005), while two (2), 
02HA030 and 02HA031, had very limited records, presenting a limitation of the 
streamflow data for these two (2) stations which may affect the results.   
 

Table 2.4 - Streamflow Gauges   

WSC ID Description 
Drainage 

Area (km2) 
Data Start 

Date 
Data End 

Date 

02HA006 
Twenty Mile Creek  

At Balls Falls 
293 3/1/1957 12/31/2005 

02HA007 
Welland River  

Below Caistor Corners 
230 7/1/1957 12/31/2005 

02HA020 
Twenty Mile Creek  
Above Smithville 

168 1/1/1987 12/31/2005 

02HA024 
Oswego Creek  

At Canboro 
81 9/1/1988 12/31/2005 

02HA030 
Four Mile Creek  

Near Virgil 
13 4/1/2006 10/2/2007 

02HA031 
Twelve Mile Creek  
Near Power Glen 

47 4/1/2006 10/2/2007 
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Flows were statistically analyzed to visualize how flows vary seasonally (Appendix B).  
The median, 10th and 90th percentile flows were calculated for each month during the 
study period (1991-2005) or the limits of the dataset for 02HA030 and 02HA031.  
Median flows are representative of the flows most often observed within each month.  
The 10th percentile represents flows that are exceeded 10% of the time, and thus are 
considered high flows.  The 90th percentile represents flows that are exceeded 90% of the 
time, and thus are considered low flows.  By plotting the flow distribution in such a 
manner, it is possible to gain valuable insight on how the system responds due to 
precipitation events or seasonal shifts, as well as determine the significance of hydrologic 
processes, such as groundwater discharge within the upstream drainage area. 

2.6.1 Twenty Mile Creek, the Welland River and Oswego Creek 

The flow regime observed at these four (4) stations is typical of Southern Ontario.  Due 
to spring freshet, annual peak flows are observed during the month of March.  The flows 
quickly decline through the months of April, May and June, reaching summer low flows 
by July.  Low to no flow remains until mid to late fall, where lower evaporation and more 
regional rainfall allow streamflow to recover. 

There is a significant difference between median flows and 10th percentile flows during 
the spring months.  The 10th percentile flows are on average approximately five times the 
median flow for the month of March.  This suggests the flow regime is extremely flashy, 
as peak flows are not sustained for large periods of time.  Soon after a precipitation event, 
flows quickly return to baseflow conditions.  This is indicative of a well-drained 
watershed dominated by tight surficial materials.  There does not seem to be any 
evidence of significant depression storage on the landscape. 

Summer low flows are lower than in many other regions of Southern Ontario.   

 Welland River below Caistor Corners has monthly median summer flows below 
0.1 m3/s indicating that there are no areas with significant groundwater discharge 
within the gauged catchment. 

 Ball’s Falls has monthly median summer flows (July – August) below 0.1 m3/s 
indicating that there are no areas with significant groundwater discharge within 
the gauged catchment. 

The 90th percentiles, or low flows, show that Oswego Creek at Canboro, Ball’s Falls and 
Smithville have had past occurrences of no flow.  For a watershed of 293 km2, such as 
Ball’s Falls, or a watershed of 81 km2, such as Oswego Creek, to have zero flow provides 
more evidence that there is very little surface/groundwater interactions for catchments 
located within the Haldimand Clay Plain, a runoff driven system. 

2.6.2 Twelve Mile Creek 

The overall flow regime observed for Twelve Mile Creek is not typical of Southern 
Ontario.  While peak flows were observed during the March spring freshet and did 
decline through April and May, flows were relatively constant through June, July and 
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August.  The extremely constant rate of flow throughout the year is most often seen in 
watersheds with some form of reservoir regulation, or significant groundwater discharge.  
Due to the lack of any reservoirs or significant control structures on Twelve Mile Creek, 
the steady flow is most likely caused by a very significant groundwater discharge. 

The 10th percentile flows are on average approximately four times the median flow for 
the month of March.  This suggests the spring flow regime was flashy, as the peak flows 
were not sustained for a large period of time.   

Summer low flows are relatively constant indicating significant groundwater discharge 
within the gauged catchment. 

2.6.3 Four Mile Creek 

The flow regime observed is not entirely typical of Southern Ontario.  Due to spring 
freshet, annual peak flows are observed during the month of March.  Flows decline 
through the months of April, May and June, but did not exhibit summer low flows.  This 
is likely due to the flow of irrigation water that was directed into the system from July 
until September.  More natural/ambient conditions are interpreted to occur after 
mid-September when lower evaporation and more regional rainfall allow streamflow to 
recover. 

The 10th percentile flows are on average approximately four times the median flow for 
the month of March.  This suggests the flow regime is extremely flashy, as peak flows are 
not sustained for large periods of time.  Soon after a precipitation event, flows quickly 
return to baseflow conditions.   

2.6.4 Baseflow Characterization 

A baseflow separation exercise was also carried out using the Baseflow Separation 
Program, included with the Soil and Water Assessment Tool (SWAT) hydrologic model.  
This routine employs a digital filtering technique meant to replicate by-hand hydrograph 
separation.   This program has previously been known as BFLOW, and has been selected 
as the optimum baseflow separation technique for a variety of Conservation Authorities 
in Southern Ontario, including Ausable Bayfield, Maitland Valley and the Grand River.  
A review of common baseflow separation techniques was carried out by the GRCA, and 
found BFLOW to be the most appropriate (Bellamy et al., 2003). 

In this analysis, all daily streamflow for each of the gauging stations was inputted into 
BFLOW to perform the baseflow separation.  The program outputs three different daily 
baseflow estimates, based on successive passes of the digital filter technique employed 
by BFLOW.   Following the methodology employed in the Water Budget Conceptual 
Understanding (Franz et al, 2007), the third estimate was used in this analysis. 

It is important to keep in mind that while baseflow separation routines may separate 
quick stream response from slow stream response, the association of baseflow to 
groundwater discharge is not absolute.  Baseflow is the release of water from storage 
contained within the upstream drainage area that drains to a particular gauge.  This water 
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released from storage could originate in aquifers, and hence be termed groundwater 
discharge, but also could originate from wetlands or reservoirs.  Other anthropogenic 
impacts such as sewage treatment plant discharges or water diversions may constitute a 
portion of baseflow as well.  In Southern Ontario however, where regional wetland 
complexes and significant lakes are not prevalent, it is valid to assume that baseflow is 
predominately groundwater discharge, provided anthropogenic impacts are accounted for. 

The monthly mean estimates of streamflow and baseflow are shown in Appendix B.  
These estimates are using data within the study period (1991-2005) for 02HA006, 
02HA007, 02HA020 and 02HA024 or the entire period of record for 02HA030 and 
02HA031.  In general, baseflow follows the same seasonal trends as streamflow for 
Twenty Mile Creek, the Welland River, Oswego Creek and Four Mile Creek.  While 
02HA031 (Twelve Mile Creek) shows almost identical streamflow and baseflow mean 
monthly estimates for low flow periods (summer months) indicating a reliable source of 
baseflow from the Fonthill Kame-Delta Complex; however this may be affected by the 
lack of long term data. 

The Baseflow Index (BFI) is the ratio of total annual baseflow volume to total annual 
streamflow volume.  It is used to characterize the proportion of total streamflow that is 
baseflow.  The average annual values are listed in Table 2.5 for the period 1991 to 2005 
for Twenty Mile Creek, the Welland River and Oswego Creek and 2006-2007 for Twelve 
Mile Creek and Four Mile Creek.  

Table 2.5 - Baseflow Indices (BFI) 

WSC ID Description BFI 

02HA006 
Twenty Mile Creek  

At Balls Falls 
0.17 

02HA007 
Welland River  

Below Caistor Corners 
0.17 

02HA020 
Twenty Mile Creek  
Above Smithville 

0.15 

02HA024 
Oswego Creek  

At Canboro 
0.13 

02HA030 
Four Mile Creek  

Near Virgil 
0.41 

02HA031 
Twelve Mile Creek  
Near Power Glen 

0.48 

 

Table 2.6 lists estimated BFI values for simplified surficial material to provide context 
for the expected range of BFI values.  The calculated BFI for the Twenty Mile Creek, 
Welland River and Oswego Creek gauges are at the extreme lower end, further evidence 
that the majority of the NPCA is primarily driven by overland runoff, with very little 
surfacewater/groundwater interaction.  While the mean annual value at Twelve Mile 
Creek was 0.48, substantially higher than most NPCA jursidiction gauges, and is likely 
due to a significant groundwater discharge associated with the Fonthill Kame-Delta 
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Complex indicating significant surfacewater/groundwater interactions.  However the 
mean annual value for Four Mile Creek was 0.41 much higher than would be expected 
based upon the surficial geology.  Since this analysis it has been determined that at least 
0.02 m3/s flows into Four Mile Creek throughout the year from a series of springs 
associated with in the St. Davids Buried Gorge prior to flowing beneath the General 
Brock Parkway (former Highway 405) (David Slaine, personal communication, 2009).  
Additional springs may also flow into Four Mile Creek downstream. 

Table 2.6 - BFI Ratios for Various Geologic Materials 
Surficial-Geologic Material BFI 

Coarse-textured sediments 0.89 
Bedrock 0.78 
Till 0.52 
Fine-textured sediments 0.25 
Organic sediments 0.09 

Source: Neff, et al. (2005)  

2.6.5 Estimated Water Balances 

As part of the Conceptual Water Budget, Franz et. al. (2007) estimated the water balance 
for gauged areas of NPCA.  This analysis relied on interpretation of climate and 
streamflow data to arrive at estimates of annual precipitation, evapotranspiration, runoff 
and baseflow.  The estimated values are included in Table 2.7 for Welland River below 
Caistor Corners, Oswego Creek at Canboro, Ball’s Falls and Smithville.  
 

Table 2.7 –Estimated Water Balance from Streamflow Analysis 
Total 
Flow 

Runoff Baseflow Precipitation 
Evapo-

transpiration Gauged Catchment 

mm/year 

02HA007 
Welland River 
below Caistor 

Corners 
311 257 55 911 600 

02HA024 
Oswego Creek at 

Canboro 
308 265 43 923 615 

02HA006 Ball’s Falls 324 269 55 900 575 

02HA020 Smithville 305 258 46 900 595 

2.6.6 Additional Streamflow Comments 

2.6.6.1 NOTL WSPA 
 
In NOTL WSPA an extensive network of municipal drains and field tile drains provide 
for conveyance of runoff from the flat topography in the middle portions of the 
subwatersheds, and as a result the WSPA is flashy overall.  In some respects NOTL is 
more typical of an urban than a rural watershed (Aquafor Beech, 2008). 
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The Town of NOTL has its own local drainage legislation allowing the municipality to 
regulate irrigation within its jurisdiction.  Irrigation water to supply agriculture is 
currently taken from several sources outside the WSPA, e.g. Ontario Power Generation 
(OPG) Sir Adam Beck Generating Station reservoir and the Welland Canal.  Generally 
the irrigation system is in operation from May 15 – September 15, however, the season 
may be extended a couple weeks on either side of these target dates to meet local needs.  

A siphon/pump is also located on the Chippawa Power Canal that directs irrigation water 
to Pond 1 of Niagara Region’s inactive St. Davids Well Field in north Niagara Falls.  
Pond 1 flows into Four Mile Creek and has the capacity to pump in the order of 
0.252 m3/s (4,000 US gal/min). 

2.6.6.2 LENS WSPA 
 
In LENS WSPA the outflow from Eagle Marsh Drain and Wignell Drain can be reduced 
during elevated lake levels as control structures prevent backflow from Lake Erie.  This 
was not considered a concern for the Water Availability Studies as the results were 
assessed on a monthly basis and the outflows are pumped to Lake Erie when the control 
structures are in place. 

2.6.6.3 CWR WSPA 
 
Within CWR WSPA there is a gauge located at the Old Welland Canal Siphon but at this 
time it only measures water level elevations.  In addition the Welland River can flow 
backwards at this location. Water Survey of Canada previously operated a gauge on the 
Welland River at Wellandport, but it was not analyzed as its period of record was less 
than one year (AquaResource, 2007).  

Three notable man-made modifications to the Welland River are the (i) Old Welland 
Canal, (ii) New Welland Canal and (iii) Ontario Power Generation operations at the 
Niagara River.  Two inverted siphons were built to convey the flow of Welland River 
water beneath the Old and New Welland Ship Canals.  These structures flow full under 
pressure and create backwater pools during floods in a manner similar to dams (NPCA, 
1999). 

Originally, the Welland River drained directly into the Niagara River at Niagara Falls.  
However, its flow is now diverted entirely into the Queenston-Chippawa Power Canal.  
Since 1953, the lower portion of the Welland River now flows in reverse, drawing 
Niagara River water to the Power Canal.  This regulated diversion of water in the lower 
Welland River creates a pattern of regular diurnal fluctuations in water levels that extend 
approximately 60 km upstream of the diversion, upstream of the CWR WSPA western 
boundary (Philips Engineering Ltd., 2004). 

Also under normal conditions, the Old Welland Canal provides additional flow to the 
Welland River at, and immediately downstream of the old siphon.  Flow enters the 
Welland River from the Old Welland Canal through two pathways.  First are a series of 
ports in the roof of the old siphon which allow 14.2 m3/s of higher quality Lake Erie 
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water to dilute the Welland River water.  Second is a bypass flow at the Welland Water 
Treatment Plant which allows 4.5 m3/s of flow (Stantec, 2008).   

2.6.6.4 BFC WSPA 
 
Water Survey of Canada previously operated a gauge at Big Forks Creek near Wainfleet 
but it was not analyzed as its period of record was less than one year (AquaResource, 
2007). 

2.6.7 Streamflow Data Gaps 

The NPSP Area lacks sufficient long-term streamflow datasets operated to a national 
standard.  The six (6) Water Survey of Canada (WSC) stations analyzed only cover a 
drainage area of 27% of the NPSP Area (Figure 2.2).  The central, south, and southeast 
portions of NPSP Area are without long-term streamflow stations.  A component of the 
lack of long-term stations are the backflow conditions from Ontario Power Generation 
activities on the Welland and Niagara Rivers.  Another challenge to gauging the NPSP 
Area are the large number of small subwatersheds that outlet to the Great Lakes. 
 
Other NPCA streamflow stations exist, however their focus is for flood protection and are 
not operated to the same standard as the WSC stations, e.g. monthly stage-discharge 
curve calibration.  The Ministry of Natural Resources has mentioned the possibility of 
future funding for additional stations however their existence and additional funds for 
operation, to a level suitable for watershed characterization is uncertain. 
 
The amount of data available from 02HA030 and 02HA031 was very limited at the time 
of analysis since they were only recently became operational.  Future studies will benefit 
from additional information for analysis, e.g. analysis today would cover approximately 
three (3) years. 

2.7 Surficial Geology 

The surficial geology is shown on Figure 2.11 with the WSPA boundaries.  The surficial 
geology is discussed below with respect to the individual WSPAs. 

The Upper Welland River WSPA is largely fine-textured glaciolacustrine deposits, 
matching the overlying clayey soils.  A small portion of the WSPA in the southeastern 
corner is mapped as coarse-textured glaciolacustrine and lacustrine deposits.  The 
coarseness of the deposits appears less pronounced in the soils mapping. 

The Twenty Mile Creek WSPA is largely fine-textured glaciolacustrine deposits, 
matching the overlying clayey soils.  Portions of bedrock (e.g. Lockport Formation 
dolostone) at surface are also mapped within the watershed and are coincident with 
aggregate operations (i.e. Vineland Quarries).  Sinkhole Creek and the Gavora 
Drain/Ditch subwatersheds contain several sites of known karst topography 
(Terra-Dynamics, 2006).  Below the Escarpment, the surficial geology is largely silty to 
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sandy till before outleting in an area of coarser textured glaciolacustrine deposits 
associated with the Iroquois shoreline.   

Above the Niagara Escarpment, the Twelve Mile Creek WSPA is comprised of stratified 
clay, silt and sand to gravel associated with the Fonthill Kame-Delta Complex.  Below 
the Escarpment, the watershed is dominated by Halton Till deposits made up of silt and 
clay (Durley, 2006).  The Fonthill Kame-Delta Complex is a thick deposit consisting 
mainly of permeable sand and gravel which provides a significant groundwater flow 
system within the surrounding clay plain. (Blackport et al, 2005) The complex above the 
surrounding plain consists of three large ridges (Feenstra, 1981).   

The surficial geology of South Niagara Falls and Lower Welland River WSPAs is largely 
comprised of fine textured glaciolacustrine deposits with some very small areas of coarse 
textured glaciolacustrine deposits, glaciolacustrine derived silty to clayey till and alluvial 
deposits (NPCA, 2007). 

Niagara-on-the-Lake WSPA surficial geology consists of three (3) major types as 
east/west bands, (i) sand and silt (coarse-textured deposits) adjacent the Lake Ontario 
shoreline, (ii) Halton Till (silty to clayey till) in the central portion of NOTL and (iii) clay 
and silt (fine-textured deposits) on and adjacent the Niagara Escarpment.  Bedrock 
outcrops are located on both the Niagara Escarpment and adjacent the Iroquois shoreline.  

The surficial geology of the Lake Erie North Shore WSPA is largely fine-textured 
glaciolacustrine deposits (e.g. clay and silt) or Paleozoic bedrock at surface.  In general 
the clay and silt is thin over bedrock highs and thickens considerably over 
topographically low areas (Jagger Hims Limited, 2005).  The Paleozoic bedrock is 
primarily Onondaga and Bois Blanc Formation limestone. 

The surficial geology of Grimsby and Lincoln WSPA largely reflects the physiography.  
Fine-texutred deposits (clay and silt) are located above the escarpment, while the Niagara 
Escarpment forms a band of dolostone bedrock.  Below the escarpment are three mapped 
units: (i) silty to clayey till (Halton Till), (ii) coarse-textured deposits (sand and silt) and 
(iii) Queenston shale.  Within the Lincoln WSPA there is also a broad sloping bench 
between the base of the escarpment and the old Iroquois shoreline which is covered by 
several feet of boulder clay (Chapman and Putnam, 1984). 

The surficial geology of Fifteen, Sixteen, and Eighteen Mile Creek WSPA, reflects the 
physiographic features in greater detail.  It is largely fine-textured with clay and silt 
above the escarpment and silty to clayey till below the escarpment.  In contrast to this 
are: (i) the southeastern portion of the Fifteen Mile Creek headwaters which is on the 
sand and gravel to sand and silt of the Fonthill Kame-Delta Complex, (ii) the northern 
downstream end of the WSPA at Lake Ontario as sand and silts; and (iii) bedrock at 
surface at the brow of the Niagara Escarpment.   

The surficial geology of Fort Erie Creeks WSPA is largely fine-textured glaciolacustrine 
deposits, matching the overlying clayey soils.  The Onondaga Escarpment is also present 
as bedrock at surface in a number of locations within the FEC WSPA.  
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The surficial geology of the CWR, BFC and BDSC WSPAs is largely fine-textured 
glaciolacustrine deposits, matching the overlying clayey soils.  However a number of 
coarse-textured deposits are also mapped, which are reflected somewhat in the soils 
mapping, i.e. the Dunnville Sand Plain and the Fonthill Kame-Delta Complex.  A large 
portion of the surficial geology adjacent the Welland Canal consists of man-made 
deposits consisting of overburden excavated for the construction of the canal. 

2.8 Bedrock Geology 

The bedrock geology (Figure 2.12) is based upon data provided by the Ontario 
Geological Survey (OGS).  Bedrock units of sedimentary origin underlie the NPSP Area 
and consist mainly of carbonate rocks (limestone and dolostone).  These units are 
predominantly interbedded and layered limestone, dolostone and shale (WHI, 2005). 
The bedrock units are east-west trending with the oldest bedrock units found along Lake 
Ontario, and the youngest units found along Lake Erie.  Bedrock outcrops in various 
areas, most notably along the Niagara and Onondaga Escarpments.  Bedrock also 
outcrops along the headwaters of Forty Mile Creek and Twenty Mile Creek. 
 
A brief description of the major bedrock units is presented below.  These units are shown 
with other physiographic features on Figure 2.13. 
 
Figure 2.13 Welland Canal Geologic Cross-section (Menzies and Taylor, 1998) 

 
 
 Queenston Formation: oldest bedrock unit immediately below the overburden or at 

the surface, consisting of shale interbedded with limestone and siltstone.  It is 
commonly known as the Queenston Shale. 

 Cataract Group: primarily shale and sandstone, exposed along the Niagara 
Escarpment face. 

 Clinton Group: interbedded shale and dolostone, exposed long the Niagara 
Escarpment face. 
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 Lockport Group: Guelph-Lockport Bedrock Formations, comprised mostly of 
limestone and dolostone.  These are located above the Niagara Escarpment and are 
much harder than the underlying shales and sandstones of the Cataract and Clinton 
Groups.  Karst features within NPSP Area are primarily associated with the Eramosa 
Member of the Lockport Formation. 

 Salina Formation: evaporites (salts, gypsum), shales and dolostone.  The Salina 
Formation underlies much of the Haldimand Clay Plain but does not extend to the 
Niagara Escarpment. 

 Bertie Formation: grey and brown dolostone. 
 Bois Blanc Formation: mostly limestone and forms the Onondaga Escarpment cap. 
 Onondaga Formation: cherty grey dolostone and limestone. 

2.9 Bedrock Topography 

The bedrock topographic surface is presented on Figure 2.14 based upon data provided 
by the OGS.  The bedrock topographic surface preparation used a number of datasets 
including MOE water well records, geotechnical boreholes, oil and gas wells and bedrock 
outcrops.  The OGS also incorporated records that did not reach bedrock;  these records 
may deepen the bedrock topographic surface where no bedrock record exists.   
 
The bedrock topography is largely controlled by the difference in the durability of the 
bedrock formations.  The durable dolostone of the Lockport Formation forms the cap 
rock of the Niagara Escarpment, and the Bertie and Bois Blanc Formations are associated 
with the Onondaga Escarpment.  The more erodible Queenston Formation along the 
shoreline of Lake Ontario, and the Salina Formation (with its interbeds of shale and 
evaporates) create the east-west trending depressions present in the NPSP Area.  Bedrock 
elevations range from 225 m ASL near Ancaster (northwestern corner of NPSP Area) to 
75 m ASL north of the Niagara Escarpment along Lake Ontario. In the western portion of 
the NPSP Area the bedrock slopes from northwest to the central portion (intersection of 
FSEM, TWEL, BDSC and CWR) before rising again in the southeast portion at the 
Onondaga Escarpment (WHI, 2005). 
 
The Niagara Escarpment is linear in form but has many re-entrants that mark the sites of 
ancient water movement and that may be current bedrock valleys promoting groundwater 
discharge.  Two of these are the Erigan Channel and the St. David’s Buried Gorge 
(Figure 2.14). 

2.10 Overburden Thickness 

Overburden thickness throughout NPSP Area is presented on Figure 2.15 based upon 
data provided by the OGS.  The overburden thickness is derived from the difference 
between the bedrock elevation (Figure 2.12) and the ground surface elevation 
(Figure 2.7). 
 
Overburden thickness in NPSP Area ranges from negligible to over 100 m in a few areas.  
Overburden is thickest at the Fonthill Kame-Delta Complex, and along the length of the 
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Erigan buried bedrock valley.  Overburden is thinnest along the Niagara Escarpment and 
the Onondaga Escarpment where bedrock outcrops at surface.  Overburden thickness and 
type (e.g. clay versus sand) largely influence the infiltration rate of recharge. 

2.11 Hydrogeological Conceptual Model 

The Tier 1 Water Budget completed a calculation of groundwater flow into WSPAs 
based upon a generalization of groundwater flow into two (2) systems, the water table 
and the potentiometric surface.  The methodology is described in detail in Section 4.  
This two system approach is described in Section 2.11.2 and 2.11.3, and is a 
simplification of the groundwater systems described in Section 2.11.1., but does build 
upon work completed as part of the NPCA Groundwater Study (WHI, 2005) and follows 
MOE guidance module methodology (MOE, 2007). 

2.11.1 Aquifer Units 

 
NPSP Area bedrock aquifers are typically those shallower units containing limestones 
and dolostones such as the Guelph-Lockport, Bois Blanc and Onondaga Formations.  The 
Salina Formation also has a good water yielding capacity but the water quality is usually 
not suitable for drinking water due to the presence of naturally occurring elevated 
concentrations of salts, minerals and sulphate along with the presence of hydrogen 
sulphide gas.  The Queenston Formation may also provide marginal supplies for domestic 
demands but may have naturally occurring poor water quality.  Other bedrock formations, 
i.e. Cataract and Clinton are not generally considered significant sources of groundwater 
and may have natural poor water quality. 
 
NPSP Area overburden aquifers are generally of two (2) main types: (i) unconfined 
near-surface coarse-grained deposits, e.g. Fonthill Kame-Delta Complex and (ii) confined 
contact zone aquifers at the bedrock surface consisting of granular overburden and 
fractured bedrock overlain by clay.  Singer et al (2003) describes some of these confined 
“contact zone” aquifers (e.g. Wainfleet, Port Colborne, St. Catharines and 
Niagara-on-the-Lake aquifers) but did not provide mapped extents.  WHI (2005) did 
however produce a map of ‘Sand and Gravel” thickness above bedrock (Figure 2.16) 
which indicates that these “contact zone” aquifers may be quite extensive as an available 
source of groundwater. 

2.11.2 Water Table 

The regional water table system was previously mapped by WHI (2005) (Figure 2.17).  
This surface was created from static water levels observed in overburden and bedrock 
water wells completed at depths of less than 15 m, assuming all wells are under 
unconfined conditions.  To augment the information available, as only Ministry of the 
Environment (MOE) water wells with high accuracy location coordinates were used, the 
elevation of the surface water streams and rivers and the digital elevation model were 
used to constrain the developed water table map.  A limitation of this product is the 
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sparse distribution of water level information in the central and south-west portions of 
NPCA.  Eight-seven percent (87%) of the 2,731 wells used were completed in bedrock. 
 
The water table represents flow in both the overburden and bedrock.  The monitored 
formations may be hydrogeologically connected.  Areas with greater than 15 m of 
overburden in the central and northeast (Figure 2.15) indicate that only overburden 
records would have been used.  Similarly bedrock outcrop areas (Figure 2.15) would 
have only used bedrock records. 
 
WHI (2005) prepared three (3) regional and localized (i.e. Fonthill Kame-Delta 
Complex) cross-sections as a basis for a hydrogeological conceptual model 
(Appendix C).  A line has been added to these sections for this study indicating the 
approximate depth of 15 metres below ground surface.  These cross-sections suggest that 
the water table system would include the Onondaga Escarpment, the upper portion of the 
Fonthill Kame-Delta Complex, part of the Niagara Escarpment (i.e. Lockport Formation), 
and at times, the contact zone aquifer.  The cross-sections also indicate by flow arrows 
that groundwater flow may be from water table to potentiometric surface and back again. 

2.11.3 Potentiometric Surface 

A regional potentiometric surface elevation map (Figure 2.18) was also constructed by 
WHI (2005) based upon static water levels observed in overburden and bedrock water 
wells completed at depths of equal to, or more than 15 m, and assumed to be under 
confined aquifer conditions.  Eighty percent (80%) of the 4,514 wells used were 
completed in bedrock. 
 
The potentiometric surface represents flow in both the overburden and bedrock.  The 
monitored formations may be hydrogeologically connected.  Areas with less than 15 m of 
overburden in the northwest, southeast and limited northeast and west (Figure 2.15) 
indicate that only bedrock records would have been used.  Similarly bedrock outcrop 
areas (Figure 2.15) would have only used bedrock records.     
 
The Appendix C cross-sections suggest that the potentiometric surface may include 
portions of the contact zone aquifer, the Fonthill Kame-Delta Complex, the Lockport 
Formation and other bedrock formations. 

2.11.4 Surface Water and Groundwater Interactions 

The soils of the Haldimand Clay Plain limit the interactions between surface water and 
groundwater in much of the NPSP Area.  Interaction does occur at the Niagara 
Escarpment (particularly karst locations), along the Escarpment face as diffuse seeps, and 
as discharge to numerous creeks and streams originating at the foot of the Escarpment 
(both seasonal and perennial).  Significant groundwater discharge, on a local scale, 
occurs where various watercourses cut into the more permeable overburden and fractured 
bedrock.  Examples of groundwater discharge to surface water include Twelve Mile and 
Four Mile Creeks. 
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Another more ephemeral source of groundwater discharge may be lateral groundwater 
flow and discharge to low lying depressions through fractured surficial clay. 
 
In 2008 between May and October, NPCA completed a series of monthly spot-flows 
along a number of watercourses crossing the Niagara Escarpment (Figure 2.19).  The 
results confirmed amounts of seasonal groundwater discharge to surface water at the 
Niagara Escarpment.  Preliminary results include: 
 Forty Mile Creek: Groundwater discharge increased baseflow between 20-40% 

during May, June, September and October, with no measured flow increase in July 
and August. 

 Thirty Mile Creek: Groundwater discharge increased baseflow between 18-33% 
during May, August and September.  However watershed baseflows largely 
disappeared in June and October.  

 Twenty Mile Creek: Groundwater discharge increased baseflow between 15-34% but 
only in the spring months of April and June 

 Fifteen Mile Creek: Groundwater discharge was measured to increase baseflow by 
20% but only in April. 

 Dick’s Creek (tributary to Twelve Mile Creek): Groundwater discharge was measured 
to increase baseflow by about 40% in April, May and June and 65% in July.  Very 
low flows were observed in August, September and October but baseflow 
contribution was still observed.  

 Tributary to Four Mile Creek: Limited groundwater discharge to baseflow of 33% 
was observed in only May and June. 

The investigation requires additional analysis and reporting but indicates at a minimum 
that the measured discharge of groundwater to surface water is flashy (i.e. suggesting 
brief residence time of infiltrated groundwater before discharge) and limited groundwater 
discharge in August, the month of critical surface water stress (Section 5.3).  

2.12 Land Cover 

Land cover information was provided by the Ministry of Natural Resources as part of its 
Southern Ontario Land Resource Information System (SOLRIS) and Southern Ontario 
Interim Landcover (SIL) mapping exercises.  The SOLRIS dataset is a regional, 
ecologically based, land cover inventory current to 2000-2002.  SOLRIS included thirty 
(30) categories of ecological land classification (ELC).  The SIL dataset is an integration 
of best available vintage land cover datasets in 2000-2002 including eighteen (18) 
categories. 

SOLRIS Version 2 (2007) was used as the primary land cover data.  This dataset was 
further improved through the addition of specific agricultural categories from version 1 
and SIL.  SOLRIS version 1 (2006) included additional mapping of Greenbelt agriculture 
including orchards, vineyards, perennial crop, annual crop, mixed crop and idle land.  SIL 
(2006) included additional mapping of monoculture, mixed agriculture and rural land use.  
This SIL information was proportioned to the SOLRIS version 1 agricultural categories 
using Statistics Canada field crop data.  
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Land cover information was important for the Water Availability Studies as the surface 
water flow models required runoff curve numbers and soil water holding capacities based 
upon the land cover classification and the hydrologic soil group per individual catchment.  
The compiled land cover dataset used for the Water Availability Study is shown on 
Figure 2.20 and summarized on Table 2.8.   

The highest percentange land cover categories per WSPA are shown below: 

 Rural land use: UWR (32%), TWEN (19%) and CWR (25%); 

 Built-up areas: TWEL (19%); 

 Monoculture: SNF (30%), LWR (29%), LENS (23%), FEC (22%), BDSC (18%), 
BFC (37%); 

 Vineyards / Orchards: NOTL (24%,15%), LIN (18%, 16%), respectively; and 

 Mixed Crop: GR (30%), FSEM (19%). 

Rural land use is defined by SIL as ‘forage’, determined through the use of medium 
resolution satellite imagery (30 m LANDSAT) in early spring where annual crops are 
represented as bare ground and forage as foliated ground.  Monoculture areas were 
classified where a farm field was left continuously in annual crop from three observed 
sequential time periods, i.e. no rotation with hay or pasture.  Mixed Crop were rotated 
annual/forage areas using the same methodology of change detection.   
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3. Water Budget Supply  
Water Availability Studies (WAS) were completed for each of the fourteen (14) WSPAs 
to quantify water supplies for the Tier 1 Water Budget (AquaResource and NPCA, 2009a 
through 2009j).  The principal deliverables of the WAS were derivation of monthly 
estimates of surface water flow, groundwater recharge and evapotranspiration.  These 
were to be on an average monthly basis for the time period 1991 to 2005.  This time 
period was chosen to best suit available datasets and meet the minimum World 
Meteorological Organization climate normal criterion of fifteen (15) years. 

The key project tasks were: 

 Initial parameterization of HEC-HMS (see definition below) numerical models to 
simulate watershed conditions; 

 Calibration of the HEC-HMS models to observed surface water flow data (where 
available) with an emphasis on monthly volumes as opposed to peak flow rates; 
and 

 Continuous model HEC-HMS hourly simulation runs for 1991 to 2005. 

This Section 3 is generally extracted from the ten (10) WAS reports covering the fourteen 
(14) WSPAs (AquaResource Inc. and Niagara Peninsula Conservation Authority, 2009).  

3.1 Watershed Modelling 

3.1.1 Model Selection and Description 

The WAS project approach was designed to take advantage of NPCA’s GIS expertise and 
digital datasets (e.g. soils, land use and elevation model) and NPCA’s Watershed 
Regulation Division’s experience with HEC-HMS. HEC-HMS is the U.S. Army Corps of 
Engineers (USACE) Hydrologic Engineering Center Hydrologic Modeling System.  This 
is the current software package utilized by the NPCA Watershed Regulation Division for 
its in-house floodplain mapping.  HEC-GeoHMS, another USACE software package, was 
used by NPCA GIS specialists throughout the project to develop the hydrologic 
modelling inputs for HEC-HMS. 

HEC-HMS is a numerical simulation model designed to simulate the precipitation-runoff 
processes of a watershed.  HEC-HMS can be run at a variety of time steps, from 1 minute 
to 1 day.  For the WAS models HEC-HMS was run on an hourly time step.  For complete 
documentation of the HEC-HMS program, as well as individual hydrologic processes 
included in HEC-HMS, please refer to the HEC-HMS User Manual and/or Technical 
Reference Manual (USACE, 2006, 2000). 

HEC-HMS includes a variety of algorithms for representing the dominant hydrologic 
processes.  This allows the modelling approach to be tailored both to the available data 
and the overall goals of the study. 

The modeller can specify the appropriate algorithm for the following processes: 
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 Evapotranspiration; 
 Snowmelt; 
 Loss (infiltration method); 
 Baseflow Routing; 
 Catchment Hydrograph Transform; and 
 Channel Routing. 

The algorithms used in the NPCA WAS for each of the six major hydrologic processes 
are described in the following sections.  A conceptualization of the hydrologic processes 
simulated by HEC-HMS is included in Figure 3.1. 

3.1.1.1 Evapotranspiration 
 
The Priestley-Taylor evapotranspiration routine was used for this project.  The 
Priestley-Taylor method relies upon solar radiation and temperature to generate estimates 
of potential evapotranspiration (PET).   

The Priestley-Taylor equation is as follows: 

 

Where; 

Kn = Short wave radiation 
Ln = Long wave radiation 
s(Ta) = Slope of the saturation-vapour pressure vs. temperature curve 
α = Dryness coefficient 
ρw = Mass density of water 
γ = Psychrometric constant (ratio of the heat capacity of the air to the latent heat of 
vaporization) 
λv = Latent head of vaporization 

Once the Priestley-Taylor PET estimate is generated, HEC-HMS applies crop 
coefficients to reflect cropping practices or vegetative cover.  The crop coefficients are 
applied as multipliers to scale the Priestley-Taylor PET estimate for that time step. 

Evapotranspiration rates are generated by applying the estimated potential 
evapotranspiration rates to the soil-water reservoir represented within HEC-HMS.  Actual 
evapotranspiration is limited by the amount of water within the soil-water reservoir.  
When the soil-water reservoir is saturated, actual evapotranspiration is equal to potential 
evapotranspiration.  When the soil-water reservoir is empty (water content is zero), 
evapotranspiration can no longer be supported, bringing the actual evapotranspiration to 
zero.  It remains at zero, until a precipitation event replenishes the soil-water reservoir. 
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3.1.1.2 Snowmelt 
 
The ability to simulate snow processes is critical to represent the hydrology of 
cold-climate watersheds.   The spring snowmelt period (March/April in Southern 
Ontario) is the season with the highest typical streamflow, and is also responsible for the 
majority of streamflow volume.  This is also the period of time where saturated soil 
conditions are common, producing groundwater recharge. 

HEC-HMS considers snow processes by tracking changes to the snowpack.  A snowpack 
is formed when precipitation occurs and the air temperature is below 0oC.  HEC-HMS 
tracks the accumulation and melt of the snowpack through use of the Temperature Index 
Method.  This method utilizes precipitation and temperature to simulate snow 
accumulation and melt processes.  Water content of the snowpack can be increased by 
snow or rain falling on the snowpack. 

Snowmelt is generated when temperatures rise to the point where there is sufficient 
energy to transform frozen water into liquid water.  The amount of melt experienced by 
the snowpack is dependent on each degree above the freezing point.  Snowmelt is held 
within the snowpack until the snowpack’s point of saturation is reached.  When the 
snowpack becomes saturated (specified by the water capacity of the snowpack), liquid 
water is then provided to the soil surface as water available for infiltration or runoff. 

Sublimation is the direct loss of water from the snowpack to the atmosphere.  It is not 
represented within HEC-HMS.  Over the winter season, sublimation can result in a 
significant loss of water content from the snowpack.  Schroeter and Associates have 
estimated this loss to be 0.33 mm/day (Schroeter and Associates, 2004).  This is 
considered a limitation of the HEC-HMS model, and may lead to an over-estimation of 
water content held within the snowpack. 
 
3.1.1.3 Loss Method (Infiltration) 
 
The infiltration method, or as HEC-HMS terms it, the “loss method”, is responsible for 
partitioning liquid precipitation into direct overland runoff, evapotranspiration, or 
percolation.  The Deficit and Constant Loss method was used for this project, and was 
carried out on a catchment by catchment basis. 

Liquid precipitation that falls as rainfall or snowmelt is input into a storage reservoir.  
This storage reservoir represents all storage elements within each catchment.  This 
includes, but is not limited to, soil water storage, depression storage, and interception 
storage.  The depth of water held within this element is specified by the user.  The 
assigned soil water holding capacities were based upon the land cover types and 
hydrologic soil groups per watershed planning area.  

Water held within the storage reservoir can be removed by evaporation or by percolation.  
Evaporation, at the rate estimated by the Priestley-Taylor equation, can remove water 
held within the storage reservoir.  If the storage reservoir is empty, actual 
evapotranspiration is zero for that time step.  Water can also leave the reservoir via 
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percolation, which is determined by the Constant Rate.  Percolation can only occur when 
the storage reservoir is completely saturated, and stops when the storage reservoir drops 
below the point of saturation.  At this point, evapotranspiration is the sole process that is 
able to reduce the amount of water held in the storage reservoir.  Direct overland runoff is 
only generated when the storage reservoir is full, and liquid precipitation falls at a rate 
faster than the Constant Rate. 

A limitation of this method is the unlimited acceptance of precipitation into the storage 
element.  Provided there is sufficient storage, the reservoir can accept all precipitation, 
and produce no runoff or recharge, regardless of the intensity of the event.  This can 
result in an under-prediction of flow, particularly when the reservoir is near empty. 

3.1.1.4 Baseflow Method 
 
Once the loss method generates estimates of percolation, this water is passed onto the 
Baseflow Method for a representation of the subsurface processes (see Figure 3.1).  The 
Baseflow Method selected for this project was the Linear Reservoir Method. 

Routing flows through a linear storage element and is calculated by the following 
equations: (Schroeter and Watt, 1980) 
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Where: 

Qt-1, Qt = Outflow 
dt = time step 
KR = recession constant (hr) 
I = Inflow 

The Linear Reservoir method uses two linear reservoirs to model the recession of 
baseflow after a precipitation event.  The first linear reservoir is meant to represent a 
rapidly responding system, often termed “interflow”.  Interflow is commonly understood 
to be subsurface stormflow moving through a shallow unsaturated soil horizon, towards a 
watercourse (Bedient and Huber, 2002). 

The second linear reservoir is meant to represent a slower responding groundwater 
system, in comparison to the first reservoir.  This is the system most commonly 
associated with baseflow and groundwater recharge.   

Previous interpretations of the hydrologic/hydrogeologic system within the NPCA, 
carried out as part of the Conceptual Water Budget, have indicated that there is very little 
evidence of a regional groundwater flow system with strong interactions with the surface 
water system (Franz et al., 2007).  The Conceptual Water Budget also stated there was 
minimal recharge to a deeper regional groundwater system, and that any groundwater 
discharge that did occur was “fed by localized groundwater recharge, which does not 
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enter the regional aquifer system”.  This localized groundwater discharge was termed, as 
“interflow”.  The term interflow, as it was used in the Conceptual Water Budget, meant to 
indicate discharge that was not sourced from a larger regional system, but rather from 
localized, near surface, aquifers.  It was not meant to describe the shallow stormflow as 
described by Bedient and Huber (2002). 

For the purposes of this study, flow from the first linear reservoir (interflow) will be 
considered to be part of the storm response, which travels laterally through the 
unsaturated soil horizon, before discharging into a watercourse.  Flow that enters the 
second reservoir, and is discharged as baseflow, will represent the amount of water that 
percolates and reaches the saturated soil layer as groundwater recharge.   

The percolation computed from the Deficit and Constant Loss method, is split evenly 
between both reservoirs.  The proportion of water supplied to each reservoir, is specified 
by the program itself, and can not be modified. 

Discharges from both of the linear reservoirs are added with any direct runoff, which 
create the catchment outflow hydrograph.  As this method conserves mass within the 
catchment, there is no ability to route a portion of baseflow to a downstream catchment, 
or to remove water from the entirety of the watershed representing “deep recharge”.   

There are two sources of error associated with this limitation.  The first source of error is 
that outflows of groundwater to downstream catchments cannot be represented.  This 
may result in headwater catchments having too much groundwater discharge, with 
downstream catchments having too little.  The error associated with this limitation is 
inversely proportional to the watershed area.  This is due to net groundwater 
inflows/outflows becoming negligible as the area of interest increases.   

The second source of error is that the loss of water to regional groundwater flow systems 
(removal of water from the watershed) is not able to be represented.  By neglecting this 
loss, other water balance parameters could be over-estimated (ET, runoff, baseflow).   
 
It is anticipated that this will not be a significant source of error.  This is because of 
minimal interaction between the regional groundwater system and the surface water 
system (Franz et al., 2007). 
 
3.1.1.5 Catchment Hydrograph Transform 
 
Whereas the Baseflow Method is responsible for the routing of percolated water, the 
Transform Method is responsible for the routing of overland runoff.  For this study, the 
Soil Conservation Service (SCS) Unit Hydrograph Method was specified for the 
transform method. 

The SCS Unit Hydrograph Method was originally developed from observed data 
collected in small, agricultural watersheds.  The observed data has been generalized as 
dimensionless hydrographs, and a best-approximate hydrograph was developed for 
general application.  The SCS method scales the generalized hydrograph by a user 
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specified time lag to produce the unit hydrograph.  The time lag is approximated by 
taking 60% of the time of concentration. 
 
3.1.1.6 Channel Routing 
 
As catchment outflow hydrographs are generated and added to the main channel, the 
resulting hydrographs must be routed downstream.  While HEC-HMS has a number of 
methods available for routing, the Muskingum-Cunge method has been specified for this 
study.  The Muskingum-Cunge routing method is based on the combination of the 
conservation of mass and the diffusion representation of the conservation of momentum.  
It represents the attenuation of flood waves and can be used in river reaches with a small 
slope. 

The attenuation of hydrographs is calculated by specifying the characteristics of the 
channel.  These characteristics include length, slope, Manning’s n, and channel geometry 
(cross section).   

3.2 Model Set-up 

HEC-HMS requires a number of datasets to represent the hydrology of a watershed.  A 
large portion of the model set-up was completed by NPCA, utilizing both GIS and 
HEC-GeoHMS processing.  The following sections summarize the methodology for the 
initial parameterization of the HEC-HMS model.  For the detailed description on the 
implementation of HEC-GeoHMS, please refer to the original WAS reports.   

3.2.1 Meteorological Information 

To properly represent streamflow and significant hydrologic processes, climate and 
climate variability must be represented within a hydrologic model. 

Climate data from Environment Canada MSC stations were considered when 
constructing the HEC-HMS models (Figure 2.2).  Environment Canada stations are 
operated to a national standard, and undergo significant quality assurance/quality control 
procedures to ensure accurate data collection. 

To ensure each climate station had a complete period of record, each dataset was cleaned 
up and filled-in, by Schroeter and Associates (2007).  The in-fill procedure was carried 
out on both the daily datasets (max/min temperatures, rainfall/snowfall totals), and the 
hourly rainfall datasets. 

With the hourly modelling time interval, hourly data inputs were required.  To produce 
hourly precipitation, daily snowfall depths were evenly distributed throughout the day, 
and added to the hourly rainfall dataset.  While it is unlikely that the reported daily 
snowfall is evenly distributed throughout a particular day, the fact that snowfall does not 
generate an immediate streamflow response, means the impact of such an assumption is 
negligible. 
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Synthetic hourly temperatures were generated using the maximum and minimum daily 
temperatures and a generalized synoptic curve (Schroeter and Associates, 2004). 

Net solar radiation stations were created for the HEC-HMS models from a number of 
datasets include: Environment Canada sunshine stations, Weather Innovations 
Incorporated solar radiation stations and Northeast Regional Climate Centre stations.  
Incoming solar radiation from sunshine stations was calculated using the methodology of 
Selirio et al. (1971).  The overall hourly net radiation was calculated using the 
methodology of Allen et al. (2005). 

3.2.2 Streamflow Information 

Streamflow information was obtained from six (6) federally operated Water Survey of 
Canada (WSC) stream gauges.  Two on the Upper Welland River (UWR), two on Twenty 
Mile Creek (TWEN), one on Twelve Mile Creek (TWEL) and one on Four Mile Creek 
(NOTL) (as indicated in Section 2.6).  Flow data for the Welland River below Caistor 
Corners, and Oswego Creek at Canboro were used as the primary calibration points for 
Upper Welland River.  Flow data for Twenty Mile Creek at Ball’s Falls, and Twenty 
Mile Creek at Smithville were used as the primary calibration points for Twenty Mile 
Creek.  Flow data for Twelve Mile Creek near Power Glen was used as a combination 
calibration/verification target for the TWEL model.  Flow data for Four Mile Creek near 
Virgil was used as a combination calibration/verification target for the NOTL model. 

As described in Section 2.6, there are no active Water Survey of Canada streamflow 
gauges in the remaining WSPAs (CWR, BFC, BDSC, SNF, LWR, FEC, FSEM, GR, LIN 
or LENS).   

Outflow from the Upper Welland River model was input as a source to the CWR/BFC 
model, at the confluence of Welland River and Beaver Creek.  Outflow from the 
CWR/BFC model was input as a source into the LWR model.  

Care should be taken when relying on observed streamflow estimates for 
calibration/verification purposes.  This is particularly relevant for the Power Glen and 
Four Mile Creek gauges data due to their short periods of record.  Flow estimates can 
often be affected by backwater effects due to ice and aquatic plant growth and as a result, 
observed streamflow estimates are commonly given a ±5-15% range of uncertainty for a 
well-functioning gauge (Winter, 1981).  Flow estimates at high or low extremes are often 
more uncertain due to a lack of gauging points on the stage-discharge relationship for that 
range of discharges, especially for newly established gauges such as Power Glen and 
Virgil.  Measurement of very low flows are particularly problematic, due to the inability 
to quantify the portion of flow that is flowing through the channel substrate.  Due to 
streamflow estimates being the primary calibration/verification target, these uncertainties 
are transferred to the simulation model.  With less than 1.5 years of observed data 
available for Power Glen and Virgil, these uncertainties were amplified.   
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3.2.3 Streamflow Sources / Diversions 

There are a number of surface water inflows to TWEL, LWR, SNF and NOTL WSPAs.  
To generate accurate estimates of surface water flows, these sources must be considered.  
Within HEC-HMS, one can specify sources of water to be added to the surface water 
system, either as a constant rate, or as a hydrograph. 

The water balance results (Section 3.5.1) do not include flow diversion amounts.  
However the surface water supply for the stress assessment (Section 3.5.2) will include 
these flow diversion amounts as the sources are considered reliable and the water 
available for use downstream.    

3.2.3.1 TWEL 
There are a number of transfers of water into Twelve Mile Creek from outside the 
watershed boundary.  The most significant transfer is the discharge from OPG Decew 
hydroelectric power plant.  The Decew hydroelectric plant is supplied by water from 
Lake Gibson, with discharges reaching 220 m3/s.  These discharges are supplied by 
inflows to Lake Gibson primarily from the Welland Canal, but also Beaverdam Creek, 
and local inflows to the reservoir.  The contribution from the Welland Canal overwhelms 
the contribution of the local Lake Gibson drainage and Beaverdam Creek, thus 100% of 
the discharge from Decew is assumed to be sourced from outside the Twelve Mile Creek 
watershed.  To simulate this, a source, with the Decew discharges specified as the flow 
rate, is included in the model. 

A secondary, and relatively minor diversion (in comparison to the Decew discharge), is 
outflow to supply the Decew WTP with raw water.  The Decew WTP only requires a 
portion of this flow, with the remainder, estimated to be an average of 0.955 m3/s, 
flowing to Twelve Mile Creek.  To simulate this within the model, a constant source of 
0.955 m3/s has been specified in the model, as an input into Twelve Mile Creek. 

3.2.3.2 SNF 
Lyons Creek, within the SNF WSPA, receives a diversion from the Welland Canal for 
environmental purposes.  This diversion is 0.283 m3/s (10 cfs) from April to November, 
and 0.142 m3/s (5 cfs) from December to March.  A hydrograph was created reflecting 
this seasonal variation and was used as the source of water in the headwaters of Lyons 
Creek. 

3.2.3.3 LWR 
The Lower Welland River receives the majority of its flow from upstream portions of the 
Welland River.  To simulate this, the hydrograph from the Welland River, as it enters the 
Welland River siphon, was specified as a source to Lower Welland.  This hydrograph 
was input as a source at the confluence of the Welland River and Thompson Creek in the 
LWR WSPA.   

The Old Welland Canal provides approximately 19 m3/s into the Welland River.  This is 
a steady flowrate for average conditions, and therefore was added into the model as a 
constant source of water. 
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Ontario Power Generation diverts water from the Niagara River (Chippawa-Grass Island 
Pool) to its Sir Adam Beck Plants and Reservoir via a portion of the Welland River.  This 
introduction of water into the LWR WSPA is not included as it also leaves the WSPA 
and is not available for use by others. 

3.2.3.4 NOTL 
 
The NOTL WSPA has a Municipal Irrigation System in place to supply local irrigators 
with additional water for water taking purposes (as discussed briefly in Section 2.6.6).  
The system is managed by the Town of NOTL Public Works Department.   

The Municipal Irrigation System consists of three subsystems which use siphons or 
pumps to divert water into the NOTL WSPA from the Welland Canal, the Niagara River 
and the Ontario Power Generation (OPG) reservoir.  These diversions are active from 
mid-May to mid-September.  The water from these diversions is distributed to irrigators 
via a combination of watercourses, and municipal drains.  Due to this method of 
distribution, the system likely incurs significant losses to shallow aquifers through 
infiltration.  This infiltration to shallow aquifers, and the portion of diverted water 
remaining in the watercourses after irrigation demands are met, cause many creeks, such 
as Four Mile and Six Mile, to have augmented flows during the growing season.  Of 
particular note is the stream gauge Four Mile Creek at Virgil, which is affected by water 
from the Whirlpool diversion.  As the Four Mile Creek at Virgil gauge will be used for 
calibration/verification purposes, the diversions and subsequent takings must be 
considered. 

To account for the impacts of the diversion on Four Mile Creek at Virgil, Whirlpool 
pump rates from the Town of Niagara-On-The-Lake were obtained by the NPCA, and 
provided to this study.  Additionally, reported values of the amount of water withdrawn 
for irrigation purposes were also obtained.  It is important to note that the reported 
volumes of water withdrawn by irrigators is done on a voluntary basis, and as such is 
highly unlikely there is complete compliance with this reporting requirement.  Due to the 
inconsistent record keeping on the amount of water taken by irrigators, it is uncertain 
what proportion of diverted water remains in the watercourses after irrigation. 

The impact of the Whirlpool diversions and subsequent takings on the Four Mile Creek at 
Virgil gauge is represented by the inclusion of a water source in the headwaters of Four 
Mile Creek.  The flows for this source were created from the daily Whirlpool pumping 
rates.  A 5-day moving average was applied to consider storage effects of the drainage 
network, and alleviate inconsistencies in the timing of when water was added to the 
drainage system and when it was removed for irrigation purposes.  To account for water 
takings, reported values of irrigation water withdrawals were subtracted from the 
constructed time-series.  Data was only available for June, July and August 2006, and 
was assumed to be similar for 2007.  Due to the drought-like conditions of 2007, this 
assumption is likely not valid; however, due to a lack of data, 2006 reported rates are the 
best available. 
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Due to the limited data available on the net impact of water diversions and irrigation 
demands on streamflow within NOTL, the modelling exercise will focus on producing 
“naturalized” streamflow and water balance estimates.  To ensure the NOTL model 
performance is adequate, this source of water into Four Mile Creek above the Virgil 
gauge was considered; however, this source was removed when presenting water balance 
and streamflow results (Section 3.4).   

Following the modelling exercise (as mentioned in Section 2.6.3) it was determined at 
least 0.02 m3/s flows into Four Mile Creek throughout the year from a series of springs in 
the St. Davids Gorge Complex prior to the General Brock Parkway (David Slaine, 
personal communication), with the possibility of additional springs flowing into Four 
Mile Creek downstream.  To gain a more complete understanding of the NOTL 
hydrologic system, these discharges should be investigated, with the aim to understand 
both the quantity and variability of these springs. 

3.2.4 Catchment Boundaries  

Catchments were delineated by NPCA GIS specialists, in concert with AquaResource 
Inc., using the NPCA 2 m DEM (Figure 3.2).  The catchments ranged in size from 1 to 18 
km2.  Smaller catchments were explored but were not possible without model time steps 
less than an hour.  This constraint is a modelling limitation related to the size of the 
catchment and the model time step within the Transform algorithm (see Section 3.1.1.5).  
However, catchments as small as 0.03 km2 were allowed for LENS due to the nature of 
multiple catchments routing to Lake Erie and results being reported on a monthly basis.  

There are areas of shoreline WSPAs (specifically FEC, FSEM, SNF, GR, LIN, NOTL, 
and LENS) which were not included within the models, between 3% and 12% of each 
WSPA.  These small areas have no mapped watercourse and are unable to be included in 
the HEC-GeoHMS processing.  To ensure volumes utilized for the Stress Assessment 
consider the full area of the modeled WSPAs, modelled results were area pro-rated 
upwards to include the un-modelled areas.  Given the small proportions that were 
un-modelled, it is anticipated that the error introduced by this will be minimal. 

3.2.5 Initial Parameterization – Loss Method  

The Loss Method relies on three parameters to determine the amount of water that 
infiltrates, or is available to become overland runoff.  These parameters are the constant 
infiltration rate, the catchment storage capacity, and the percentage of impervious cover. 

The Deficit and Constant Loss Method assumes that the soil has a constant infiltration 
rate approximated by the saturated soil hydraulic conductivity.  Average maximum 
infiltration rates were assigned to each polygon in the soil layer based on their soil type.  
The catchment average constant infiltration rate was determined by area weighting each 
of the soil polygons in the specific catchment. 

HEC-HMS assumes that the soil has a fixed water holding capacity, based on the active 
rooting depth of vegetation and soil type.  The soil water holding capacity layer was built 
by intersecting the land cover types (Section 2.12) and soil layer types (Section 2.5) and 
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by assigning soil water holding capacity values to each unique combination of land cover 
class and soil type.  Like the methodology employed for the constant rate, the area 
weighted average for each polygon within the catchment, was used to calculate the 
catchment average. 

HEC-HMS considers an impervious surface as an area in a watershed for which all 
contributing precipitation runs off, with no infiltration, no evaporation, and no other 
volume losses.  This surface was built by assuming SOLRIS built-up impervious and 
transportation polygons were 100% impervious, with built-up pervious polygons being 
50% impervious.   

3.2.6 Initial Parameterization – Evapotranspiration  

In the Deficit and Constant Loss Method, water is removed from the soil to simulate 
evapotranspiration.  Potential evapotranspiration is calculated through use of the 
Priestley-Taylor method.  This method uses a crop coefficient, Kc, indicating the ratio of 
crop potential and grass reference evapotranspiration.  Land cover layers were created 
and assigned crop coefficients.    

Using the solar radiation and temperature data, outlined in Section 2.2, and crop 
coefficients, HEC-HMS calculates the potential evapotranspiration for each time step.  
This potential evapotranspiration value is then applied to the catchment storage reservoir 
to generate actual evapotranspiration. 

3.2.7 Initial Parameterization – Snowmelt  

The following parameters are required to represent snowmelt.  These generalized 
parameters are referenced from the HEC-HMS User Manual. 

 Temperature at which precipitation falls as snow;  
 Temperature at which the snowpack begins to melt;  
 Water capacity of the snowpack;  
 Amount of melt that occurs due to heat transfer from the underlying ground;  
 Rate at which snow melts when rain occurs;  
 Rate at which snow melts during rainfall-free periods.   

3.2.8 Initial Parameterization – Baseflow   

Once water percolates through the soil column, HEC-HMS routes this water back to the 
stream as interflow or baseflow.  The Linear Reservoir Method approximates the 
discharge by use of a linear reservoir.  Groundwater recession constants, estimated via 
streamflow analysis, represent the reservoir response time and are used as the reservoir 
constant (also called the time constant) for the linear reservoir in each layer.  There are 
two linear reservoirs that can be represented within HEC-HMS. 

The first linear reservoir was parameterized with the intent to represent interflow.  A 
groundwater coefficient of 18 hours was generally assigned to this reservoir for 
catchments, as this was used in the final calibration parameters for Twenty Mile Creek 
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and Upper Welland River.  However, for catchments that represented the Fonthill 
Kame-Delta Complex, the 1st linear reservoir was parameterized similarly to the 2nd 
linear reservoir.  This effectively removes the interflow component from these 
catchments, and causes all percolated water to return to the watercourse as baseflow.  
Due to the thickness and pervious nature of the Fonthill Kame-Delta Complex, which 
would more lend itself to vertical, rather than horizontal, flow of groundwater this is 
appropriate.  This also has an implication on estimated groundwater recharge rates, where 
in previous models recharge was half of percolated water due to the inclusion of the 
interflow component.  For catchments within the Fonthill Kame-Delta Complex, 
groundwater recharge will be equal to the total percolated.  This included portions of 
TWEL and FSEM WSPAs. 

The 2nd linear reservoir, meant to represent groundwater discharge to the watercourse, 
was parameterized based on streamflow recession analysis completed by AquaResource 
Inc. (2007).  The streamflow recession analysis estimated the reservoir constant for 
streamflow gauges located within the NPCA.  Assignments for the 2nd linear reservoir are 
discussed below. 

3.2.8.1 Twenty Mile Creek 
 
Statistics from two stations, Twenty Mile Creek at Ball’s Falls and Twenty Mile Creek at 
Smithville, were used within the TWEN HEC-HMS model.  The median reservoir 
constant from the 1991-2005 period was assigned to the 2nd linear reservoir for each 
catchment located upstream of the individual gauge.  Catchments located downstream of 
the Ball’s Falls gauge were assigned the reservoir constant estimated from the Ball’s 
Falls gauge.  

3.2.8.2 Upper Welland River 
 
Statistics from two stations, Welland River below Caistor Corners and Oswego Creek at 
Canboro, were used within the UWR HEC-HMS model.  The median reservoir constant 
from the 1991-2005 period, was assigned to the 2nd linear reservoir, for each catchment 
located upstream of the individual gauge.  Catchments located downstream of the 
Welland River below Caistor Corners gauge, were assigned the reservoir constant 
estimated from the Welland River gauge. 

3.2.8.3 Twelve Mile Creek 
 
Statistics from two of stations, Twelve Mile Creek near Power Glen and Four Mile Creek 
near Virgil, were used within the TWEL HEC-HMS model.  The median reservoir 
constant was assigned to the 2nd linear reservoir for each catchment located upstream of 
the Twelve Mile Creek near Power Glen gauge (708 hours).  Catchments located 
downstream of the Power Glen gauge were assigned the reservoir constant estimated 
from the Four Mile Creek near Virgil gauge (437 hours), which encompasses similar 
geologic conditions.  
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3.2.8.4 Four Mile Creek 
 
Statistics from the Four Mile Creek station near Virgil, was used within the NOTL 
HEC-HMS model.  The median reservoir constant from the 1991-2005 period from the 
Virgil gauge was assigned to the 2nd linear reservoir for each catchment (437 hours). 

3.2.8.5 Fort Erie Creeks and Lake Erie North Shore 
 

Due to the lack of streamflow gauges, statistics from the Oswego Creek gauge were used 
within the models.  The median reservoir constant from the 1991-2005 period (326 hours) 
was assigned to the 2nd linear reservoir for each catchment. 

3.2.8.6 Grimsby, Lincoln, Fifteen-Sixteen-Eighteen Mile Creeks, South Niagara 
Falls and Lower Welland River 

 
Due to the lack of streamflow gauges, statistics from the Twenty Mile Creek above 
Smithville gauge were used within the models.  The median reservoir constant from the 
1991-2005 period (278 hours) was assigned to the 2nd linear reservoir for each catchment 
in the model.  

3.2.8.7 Central Welland River, Beaverdams and Shriners Creek and Big Forks 
Creek 

 
Due to the lack of streamflow gauges, statistics from the Twenty Mile Creek above 
Smithville gauge were used within the models.  The median reservoir constant from the 
1991-2005 period (278 hours) was assigned to the 2nd linear reservoir for each catchment 
in the model.  Also, the reservoir constant for Twelve Mile Creek near Power Glen 
(708 hours) was applied to four catchments in BFC having underlying geology of sand.  

3.2.9 Initial Parameterization – Transform  

The lag time associated with the SCS transform method is a function of the SCS Curve 
Number, the hydraulic length, and the catchment slope.  This lag time is used to produce 
the unit hydrograph that allows precipitation excess (precipitation minus infiltration) to 
be transformed into an overland runoff hydrograph.  For adequate definition of the unit 
hydrograph ordinates, a modelling time step that is less than 29% of the time lag must be 
used.  This constraint effectively places a minimum size requirement on the catchments 
represented within the model. 

Curve Number (CN) values are used in the calculation of CN lag time for the SCS Unit 
Transform Method.  The factors influencing CN values are land cover type, soil type and 
Antecedent Soil Moisture Condition (AMC).  AMC is an estimate of soil water content 
prior to the beginning of the simulation period, and has 3 levels: 

 AMC I reflects soils that are dry but with water content not below the wilting point.   

 AMC II reflects soils having average soil water content, and  
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 AMC III reflects soils that have experienced rainfall in the five days previous to the 
simulation period.     

CN values in the study area were assumed to reflect average soil water content (AMC II).   
The CN layer was built by intersecting the land cover types and soil layer types and by 
assigning CN values to each unique combination of land use class and soil type.  Built-up 
impervious, built-up pervious and transportation land cover polygons were considered 
under the impervious surface data field and not assigned CN values.     

3.2.10 Initial Parameterization – Routing  

To simulate the effects of channel geometry on hydrograph shape, the traditional 
Muskingum-Cunge Routing Method was used assuming trapezoidal channel geometry.  
The following inputs are required: 

 Channel Bottom Width. The channel width for each of the routing reaches was 
estimated by digitizing cross sections.  This channel width estimation assumed that 
the water surface width on digital air photos approximated the width of the channel 
bed.   

 Channel Side Slope.   The channel side slope was approximated by digitizing two 
points at the end of each digitized channel width cross sections using a 2m resolution 
DEM as a guide.  Slope values were extracted at the location where the points 
intersected a slope grid. 

 Channel Manning’s Roughness Coefficient.  Appropriate Manning’s roughness 
coefficients were assigned to channel routing reaches based on a visual stream bed 
condition assessment of 10-20cm resolution digital air photos. 

3.2.11 Initial Parameterization - Binbrook Dam 

The Reservoir Element was used to model the Binbrook Dam for the UWR HEC-HMS 
Model.  The Outflow Curve Method was applied, using the Elevation-Storage-Discharge 
Method, which requires the input of a storage-discharge function as well as an 
elevation-storage function.  The initial condition for the reservoir was set to 
inflow=outflow. 

The storage-discharge relationship was set based on a combination of the discharge 
curves for the 16 inch valve, 30 inch valve, and the glory inlet/emergency spillway.  The 
current operation strategy (which was revised in 1997), was also considered when 
developing the overall storage-discharge relationship for the reservoir.  The current 
strategy is to hold the reservoir at 650.5 feet above sea level, (fasl) with a discharge target 
of 5 cubic feet per second.  In the case of extreme dry times, this discharge target is 
lowered to 2 cubic feet per second, with discharge ceasing should the reservoir level drop 
below 649 fasl (NPCA, 2006).  It is important to note that Binbrook Reservoir is an 
actively managed structure.  As such, it is extremely difficult, and likely impossible, to 
accurately replicate the human decisions that determine discharges from such a structure 
on the basis of a stage-storage-discharge relationship alone.  Furthermore, the 
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stage-storage-discharge relationship used within the HEC-HMS model, is based on the 
operating strategy post 1997, and is not reflective of the operations of the reservoir 
previous to this.  These two points are significant causes of uncertainty within the 
HEC-HMS model. 

3.3 Model Calibration/Verification  

3.3.1 Overview of Procedures  

The calibration/verification portion of the modelling for TWEN, UWR, TWEL and 
NOTL focused on metrics to gauge the appropriateness of the models.  The approach 
recognized that no single metric is adequate to describe the model’s ability to replicate 
observed flows.   

The calibration metrics presented are as follows: 

 Annual Streamflow; 
 Monthly Streamflow; 
 Monthly Calibration Statistics (Standard Error, Nash-Sutcliffe and R2 

Coefficients); 
 Mean Monthly Streamflow; 
 Median Monthly Streamflow; and 
 Ranked Duration Daily Streamflow. 

 
Calibration metrics for continuous models often focus on monthly statistics comparing 
simulated and observed streamflow, with limited consideration for daily comparisons.   
This is due to differences in how meteorological data are applied in continuous and 
event-based modelling.  Event-based modelling focuses on understanding rainfall, initial 
snowpack conditions, and air temperature, specific to a particular event.  Climate related 
information, supplemental to published information gathered at a climate station, may be 
used to better represent the event-specific distribution (both spatial and temporal) of 
precipitation.  With this level of effort, one can achieve a better match of streamflow, 
particularly in terms of hydrograph timing, than only relying on published meteorological 
data for a station alone (which is done in continuous model).  Due a lack of information, 
and limited scope, a modeller is unable to adjust published meteorological data for every 
event in the continuous record.  Due to this limitation, the timing and/or magnitude of the 
simulated hydrograph may differ from the observed hydrograph.  These differences are 
not due to an issue with the model itself, but rather a limitation of the input data not being 
able to accurately represent the event’s characteristics.  For this reason, calibration 
metrics for continuous models are often primarily focused on monthly statistics, with 
limited consideration for daily statistics. 

To reduce the reliance on the user specified initial conditions, and to allow the model to 
“self-initialize”, the modelling period was extended to 1990.  No data from the 1990 
extension was included in the final results. 
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3.3.1.1 Twenty Mile Creek HEC-HMS Model 
 
The TWEN model period, from 1991-2005, was divided into two parts: 

 The Calibration Period: 1991-1998. Model parameters were adjusted to best 
replicate hydrologic processes, and observed flows.   

 The Verification Period: 1999-2005.  The model parameterization completed 
during the calibration phase, was tested against a different set of inputs (climate 
data), and observations (observed flow).  A reasonable fit in the verification 
period increases the certainty that the model is properly representing hydrologic 
processes. 

3.3.1.2 Upper Welland River HEC-HMS Model 
 
The UWR model period, from 1991-2005, was divided into two parts: 

 The Calibration Period: 1999-2005.  Model parameters were adjusted to best 
replicate hydrologic processes and observed flows.  Due to gaps in the observed 
data for Oswego Creek at Canboro in 1995 through 1998, the 1999-2005 period 
was used as the calibration period.  This period also matches the current operating 
strategy of Binbrook Reservoir more closely than the 1991-1998 period.   

 
 The Verification Period: 1991-1998.  The model parameterization completed 

during the calibration phase was tested against a different set of inputs (climate 
data) and observations (observed flow).   

 
3.3.1.3 Twelve Mile Creek HEC-HMS Model 
 
Due to the limited observed streamflow data, the following methodology was employed 
for the TWEL model: 

 Model Adjustment for 1991-2007: Model parameters were first modified using 
the parameter adjustments carried out for the Upper Welland River and Twenty 
Mile Creek models to best replicate regional hydrologic processes and observed 
flows.   

 Calibration/Verification for Apr 2006 – Oct 2007: The model adjustments were 
tested with observed streamflow data from the Twelve Mile Creek near Power 
Glen gauge, and further adjustments were made where needed.  

 Model Results for 1991-2005: The calibrated TWEL model was then run for the 
study period (1991-2005) to obtain water budget and stress assessment results. 

This methodology assumes that adjustments to model parameters that resulted in an 
acceptable calibration are transferable between WSPAs.  This assumption is validated by 
the fact that the adjustments required for both Upper Welland and Twenty Mile Creek 
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were extremely similar, which suggests that these adjustments were regional in nature.  
Given the geologic homogeneity of the NPCA, this is to be expected.   

The methodology also allows for the primary model adjustments to be based on more 
than only 18 months of observed data.  Strictly calibrating a model to such a short time 
period, while possibly increasing the model performance during that time period, may 
cause the model to be unrepresentative of the longer time period for which the water 
balance results are being calculated.  Additionally, the uncertainty that is associated with 
observed flow values, generated from a relatively new rating curve, is much greater than 
from a gauge with a well established rating curve.  As such, the observed data was largely 
used as a verification check, with model adjustments focused on rectifying significant 
issues that are identified. 

3.3.1.4 Niagara-on-the-Lake HEC-HMS Model 
 
Due to the limited observed streamflow data, the following methodology was employed 
for the NOTL model similar to TWEL: 

 Model Adjustment for 1991-2007: Model parameters were first modified using 
the parameter adjustments carried out for the Upper Welland River and Twenty 
Mile Creek models to best replicate regional hydrologic processes and observed 
flows.   

 Calibration/Verification for Apr 1, 2006 – Oct 2, 2007: The model adjustments 
were tested with observed streamflow data from the Four Mile Creek near Virgil 
gauge.  For this period, the model takes into account the effects of the Municipal 
Irrigation System. 

 Model Results for 1991-2005: The calibrated NOTL model was then run for the 
study period (1991-2005) to obtain naturalized water budget and stress assessment 
results.  For this period, the effects of the Municipal Irrigation System were not 
considered. 

3.3.1.5 Other HEC-HMS Models  
 
Due to the lack of observed streamflow data for ten (10) WSPAs (GR, LIN, CWR, BFC, 
BDSC, FEC, FSEM, LENS, SNF and LWR), the calibration and verification process 
undertaken for the Upper Welland River and Twenty Mile Creek models could not be 
completed.  Instead, the parameters were modified using the parameter adjustments 
carried out for the Upper Welland River and Twenty Mile Creek models.  This 
methodology assumes that adjustments to model parameters, which result in an 
acceptable calibration, are transferable between WSPAs.  This assumption is validated by 
the fact that the adjustments required for both Upper Welland and Twenty Mile Creek 
were extremely similar, which suggests that these adjustments were regional in nature.   
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3.3.2 Calibrated Model Period and Parameters  

The focus of calibration was on processes that would affect the seasonal response of the 
watershed, as well as water balance numbers (evapotranspiration, snowmelt, loss method, 
baseflow routing).  Limited attention was paid to parameters associated with the channel 
routing, which may result in hydrograph characteristics (e.g. rise, peak flow, recession) 
not being representative.  With the primary goal of the Water Availability Studies being 
to support a Tier 1 Water Quantity Stress Assessment, particular attention was paid to 
low flow months. 

The Constant Rate and Maximum Storage values in the Deficit and Constant Loss 
method were adjusted for calibration.  These values affected the amount of overland 
runoff, baseflow and interflow, and the amount of evapotranspiration.  These values 
provided the base case for the sensitivity analysis which is documented in Section 3.3.5.   

As part of the calibration and verification process, the Nash-Sutcliffe coefficient was 
utilized to quantify the difference between simulated and observed data.  
A Nash-Sutcliffe coefficient: 

 Greater than 0.6 is considered reasonable,  
 Greater than 0.8 is considered good, and  
 Equal to 1 is a perfect fit (Chiew and McMahon, 1993; Nash and Sutcliffe, 1970). 

   
A coefficient less than zero occurs when the observed mean is a better predictor than the 
model.  In addition to calculating the normal Nash-Sutcliffe coefficient, which is heavily 
weighted towards higher flows, the log Nash-Sutcliffe coefficient was calculated.  The 
log Nash-Sutcliffe coefficient removes the bias of the higher flows and provides a more 
accurate assessment of the overall performance of the model. 

Crop coefficients were modified to adjust the intensity of evapotranspiration applied to 
the storage element within the Deficit and Constant Loss Method. These modifications 
are a means to adjust evapotranspiration to account for issues with temperature data, 
solar radiation, the potential evapotranspiration method itself, or the lack of a 
sublimation process.  They are not due to the crop coefficients being non-representative 
of their respective catchments.  For example, initial simulations indicated excess 
streamflow in comparison to observed streamflow.  Actual evapotranspiration estimates 
for initial simulations were 350 mm/year.  To reduce the annual volume of streamflow to 
match observed values, the crop coefficients were increased primarily for the late fall, 
winter and early spring months. All monthly crop coefficients were increased, with the 
exception of October, which was slightly lowered from the original estimate.  As the 
crop coefficients are direct multipliers to the potential evapotranspiration estimated by 
Priestley-Taylor Evapotranspiration Method, increasing the crop coefficients resulted in 
an increase in evapotranspiration, with a corresponding decrease in streamflow (runoff, 
interflow and baseflow). 
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3.3.2.1 Groundwater Coefficients  
 
The groundwater coefficients with the Linear Reservoir Baseflow Method were also 
adjusted.  While these are simply routing parameters, and are not used in partitioning 
precipitation, they are important to properly represent how infiltrated water is returning to 
the watercourse.  
 
3.3.2.1.1 Twenty Mile Creek HEC-HMS Model  
 
Groundwater coefficients for the reservoir associated with baseflow, were initially 
parameterized based upon recession analysis (AquaResource, 2007) and were not 
modified during calibration.  Groundwater coefficients for the reservoir associated with 
interflow initially set to 6 hours were increased to 18 hours through calibration. 
 
3.3.2.1.2 Upper Welland River HEC-HMS Model  
 
Groundwater coefficients for the reservoir associated with interflow were set to 18 hours.  
Groundwater coefficients for the reservoir associated with baseflow, were initially 
parameterized based upon recession analysis (AquaResource, 2007); however there is a 
suspicion that the recession analysis for the Caistor Corners gauge was impacted by 
upstream reservoir operations.  To minimize this, the groundwater coefficient determined 
for the Upper Twenty Mile Creek, was used for the Upper Welland.  Both areas share the 
same geological deposits, and therefore should have similar hydrogeological 
characteristics.  This adjustment resulted in the groundwater coefficient being lowered by 
approximately 50 hours, and generated simulated flows which were a better match with 
observed flows.   
 
3.3.2.1.3 Twelve Mile Creek HEC-HMS Model  
 
For catchments on or near the Fonthill Kame-Delta Complex, the groundwater 
coefficients for the 1st linear reservoir were set equal to the 2nd linear reservoir.  This was 
done to remove the interflow component from these catchments, and direct all percolated 
water to the baseflow reservoir.  Additionally, the groundwater coefficient for these 
catchments was increased to 1200 hours, from the original 708 hours.  For other 
catchments draining to the Power Glen gauge that were not associated with the Fonthill 
Kame-Delta Complex, the groundwater coefficient associated with baseflow was 
increased to 1000 hours from the initial 708 hours.  Coefficients for catchments 
downstream of the gauge remained the same as originally specified (437 hours).   

Initial model simulations significantly under-predicted summer flows, by up to an order 
of magnitude.  To match summer flows, it was determined that ET and direct overland 
runoff had to be reduced, with a corresponding increase in baseflow, to a point which was 
not realistic (~300 mm of ET, ~50 mm of Runoff, ~550 mm of Baseflow).  This 
suggested that there was water entering Twelve Mile Creek that was sourced outside the 
TWEL WSPA.    
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A previous study, the Hydrogeologic Assessment of the Fonthill Kame-Delta Complex 
(Blackport and Waterloo Hydrogeologic Inc., 2005), attempted to quantify the portion of 
baseflow to Twelve Mile Creek that was discharged from bedrock aquifers.   The field 
component of the study included detailed summer baseflow measurements to quantify 
discharge reaches, as well as chemistry data to identify bedrock sourced water.  Two 
major reaches with bedrock-derived discharge were identified, with the total discharge 
estimated to be 0.09m3/s. 

Bedrock groundwater flow systems are typically regional in nature, and frequently do not 
respect surface water boundaries.  Given the relatively small size of the Twelve Mile 
Creek watershed, it is likely that the bedrock flow system, responsible for this 0.09 m3/s 
of discharge, receives the majority of its water from recharge areas outside of the 
boundaries of Twelve Mile Creek.  This was confirmed within the modelling component 
of the Blackport/WHI study, which estimated the bedrock potentiometric high to be 
significantly further south than the topographic high of the Fonthill Kame.  This suggests 
bedrock groundwater flow travels from south to north, into the TWEL WSPA.  This 
results in a significant inflow of groundwater into TWEL from beyond the watershed 
boundaries, which ultimately enters Twelve Mile Creek. 

To replicate this process, a source was added into the Twelve Mile Creek model, with a 
constant discharge of 0.09 m3/s added to the Creek.  While it is unlikely this expression 
of bedrock flow is constant throughout the year, there is currently insufficient 
information to vary this rate with season.  This limitation may cause simulated 
streamflow to be lower during the fall, winter and spring periods, as one would expect 
groundwater discharge to be higher during these seasons. 

Following the inclusion of this source of water, simulated streamflows matched very 
well, particularly for the summer months.  This groundwater discharge source does not 
become part of the water balance but is added to the surface water supply component. 
 
3.3.2.1.4 Niagara-on-the-Lake HEC-HMS Model  
 
The groundwater coefficients with the Linear Reservoir Baseflow Method were not 
adjusted from the initial parameterization, of 18 and 437 hours (Section 3.2.8.4).   
  
3.3.2.2 TWEN Calibration/Verification Results 
 
3.3.2.2.1 TWEN HEC-HMS Model Calibration  
 
Correspondence was very good for simulated and observed annual flow volumes at Ball’s 
Falls for the calibration period.  The simulated total monthly flow volumes at Ball’s Falls 
aligned well with the observed flows.  The Nash-Sutcliffe coefficient, the log 
Nash-Sutcliffe coefficient and the R2 value are shown in Table 3.1 demonstrating good 
agreement between simulated and observed streamflow.   
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Table 3.1 – TWEN Calibration Statistics (Monthly Mean Flow mm/month) 

 Gauge R2 Standard Error Nash-Sutcliffe  
Log Nash-
Sutcliffe 

Calibration Period Ball’s Falls 0.86 13.0 0.85 0.56 
1991-1998 Smithville 0.89 11.9 0.85 0.68 

 
The comparison of mean monthly flows shows a good match in flow volumes between 
simulated and observed flows (Figure 3.3).  The comparison of median monthly flows 
shows the distribution of daily flows throughout each month is reasonable for Ball’s Falls 
(Figure 3.4).  While there is good correlation between simulated and observed 
streamflow, some discrepancies exist.  The most significant is in April, where the 
observed median flow is higher than simulated.  Due to the mean volume in April 
matching well, the difference in the median flow suggests a possible timing issue.  The 
discrepancies in the winter months are likely due to the omission of a sublimation process 
in the snowmelt model, and possible errors in the gauged streamflow data due to ice.  
Discrepancies in summer months can be attributed to difficulties involved when 
measuring low flows, not considering local water takings or direct evaporation from the 
watercourse.  The ranked duration curve, shown in Figure 3.4, demonstrates very close 
agreement between simulated flows and observed flows. 

The annual streamflow volumes at Smithville are also in reasonable agreement.  The 
simulated total monthly flow volumes at Smithville correlate well with the observed 
flows.  The Nash-Sutcliffe coefficient, the log Nash-Sutcliffe coefficient, and the R2 
value show very good model performance, as shown in Table 3.1.  Similar to Ball’s Falls, 
omission of a sublimation process from the model may be contributing to the over-
prediction of flows in the spring months.  

At Smithville, the comparison of mean monthly flows demonstrates a good match 
between simulated and observed flow volumes throughout the year.  

Similar to Ball’s Falls, the Smithville median monthly simulated flows show larger 
deviations than the mean monthly flow (Figures 3.6 and 3.7).  These discrepancies are 
due to timing issues, and are more difficult to reconcile than volume issues associated 
with mean monthly flow.  The ranked duration curve, included in Figure 3.8, shows that 
simulated flows are generally in good agreement with observed flows; however baseflow 
is being over-predicted.  Since low flows at Ball’s Falls are in good agreement, this 
indicates that there is a possibility of groundwater discharging downstream of the 
Smithville gauge that is sourced from recharge occurring upstream of the Smithville 
gauge.  Since HEC-HMS is mass conservative with respect to each catchment, it is not 
possible to replicate inter-catchment groundwater movement.   

Comparisons of observed to simulated streamflow indicate that the model has been well 
calibrated, and is performing admirably as an estimator of streamflow.  While 
discrepancies do exist (winter, spring flows), they are unlikely to impact the results of the 
Stress Assessment.  
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3.3.2.2.2 TWEN HEC-HMS Model Verification  
 
Once calibrated for the 1991-1998 period, the model was subjected to validity testing 
comparing simulated model results to measured flow rates within the 1999-2005 period. 

Simulated and observed annual total flow volumes compare favourably.  As shown in 
Table 3.2 the Nash-Sutcliffe coefficients and the R2 value for Ball’s Falls are reasonable, 
however, they are lower than the simulation period. 

Table 3.2 – TWEN Verification Statistics (Monthly Mean Flow mm/month) 

 Gauge R2 Standard Error Nash-Sutcliffe  
Log Nash-
Sutcliffe 

Verification Period Ball’s Falls 0.72 15.2 0.69 0.40 
1999-2005 Smithville 0.77 14.3 0.73 0.50 

 

The simulated and observed seasonality of the mean and median monthly Ball’s Falls 
streamflows are in reasonably good agreement (Figures 3.9 and 3.10).  The ranked 
duration plot in Figure 3.11 also confirms a reasonable simulation of flows. 

Estimates of monthly simulated flow correlate well with observed flow at Smithville.  
Table 3.2 summarizes the Nash-Sutcliffe and R2 coefficients as well as the Standard Error 
for the verification period.    

The Smithville simulated and observed seasonality of the mean and median monthly 
streamflows are in good agreement (Figures 3.12 and 3.13).   The Ranked Duration Plot 
in Figure 3.14 also confirms a reasonable simulation of flows. 

The verification phase of model development is a critical step in testing how accurate the 
model is, outside the period in which it was calibrated.  While it is expected that the 
comparison of the simulated to the observed flows will be poorer during the verification 
phase than during the calibration phase; the model should still reasonably replicate 
observed flow.  The results of this verification phase demonstrate this to be the case.  As 
such, it can be concluded that the Twenty Mile Creek HEC-HMS is reasonably 
replicating the major hydrologic processes. 

3.3.2.3 UWR Calibration/Verification Results 
 
3.3.2.3.1 UWR HEC-HMS Model Calibration  
 
Correspondence is good for simulated and observed annual flow volumes.  Simulated 
total monthly flow volumes at Welland River display good correspondence with the 
observed flows.  The Nash-Sutcliffe and R2 coefficients calculated from the monthly 
mean streamflow values and the log of the monthly mean streamflow values, are shown 
in Table 3.3.  The R2 value (0.70) and the Nash-Sutcliffe (0.64) show a reasonable fit 
between simulated and observed flows.  The log-scale Nash-Sutcliffe coefficient (0.53) 
illustrates a reasonable fit for high flows, but a larger discrepancy in the low flow 
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estimations.  This may be caused by discharges from Binbrook Reservoir being simulated 
higher than in actuality. 

Table 3.3 – UWR Calibration Statistics (Monthly Mean Flow mm/month) 

 
 

WSC Gauge 
 

R2 
Standard 

Error 
 

Nash-Sutcliffe 
Log  

Nash-Sutcliffe 
Calibration Period Welland River  0.70 17.6 0.64 0.53 

1999-2005 Oswego Creek 0.64 19.9 0.49 0.45 

 
Comparison of mean monthly flows show a very good match in flow volumes between 
simulated and observed flows, with the largest differences during the spring snowmelt 
period (Figure 3.15).  The comparison of median monthly flows shows the distribution of 
daily flows throughout each month is reasonable for Welland River, with the most 
significant differences occurring during the summer months (Figure 3.16).  The 
overestimation of summer flows is likely related to outflows from the Binbrook Dam but 
may also be attributed to difficulties involved when measuring low flows, not considering 
local water takings or direct evaporation from the watercourse. 

The ranked duration curve, shown in Figure 3.17, shows that for flows greater than the 
30 percentile exceedance flow there is very good agreement.  Simulated and observed 
flows begin to deviate below this threshold, although the annualized volume this 
difference represents (~10mm/year), is quite small.  The source of error that leads to the 
additional 10 mm of water in the lower portion of the flow regime is likely either: 

1. HEC-HMS not representing evaporative losses from the reservoir, which results 
in the reservoir augmenting further into a dry period; or  

2. HEC-HMS not representing a transfer of groundwater out of the catchment, which 
would cause an overestimation of the amount of groundwater returning to the 
watercourse.   

 
There is also the possibility of the stage-elevation curve being inaccurate at lower 
elevations/storages, which could result in additional reservoir storage being considered 
than in actuality. 

The annual streamflow volumes at Oswego Creek are in good agreement.  The simulated 
total monthly flow volumes at Oswego Creek display reasonable correspondence with the 
observed flows.  The Nash-Sutcliffe coefficients (0.49, 0.45 for log-scale) and the R2 
value (0.64) are shown in Table 3.3. 

At Oswego Creek, the mean and median monthly simulated flows show a reasonable 
match to the observed flows (Figures 3.18 and 3.19).  Discrepancies are largely due to the 
timing of snowmelt.  As was the case with Welland River, the median monthly simulated 
flows show larger deviations than the mean monthly flow.  These discrepancies are due 
to timing issues, and are often more difficult to reconcile than volume issues associated 
with mean monthly flow.  However, median monthly flows for the summer months 
match very well. 
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The ranked duration plot, included in Figure 3.20, shows that simulated flows are 
generally in good agreement with observed flows. 

Model performance for Oswego Creek is poorer than for Caistor Corners, or for gauges 
on Twenty Mile Creek.  Due to the smaller drainage area (80 km2, compared to 
>200 km2), this is to be expected.  As hydrologic models are created for smaller areas, 
there is greater uncertainty that the datasets used to create the models are representative 
(soils, land cover, climate data).  Additionally, hydrologic processes that are insignificant 
at larger scales, may become significant at more local scales.  Obtaining accurate 
measurements of river flow also becomes problematic when moving to a smaller 
watercourse. 

3.3.2.3.2 UWR HEC-HMS Model Verification  
 
Once calibrated for the 1999-2005 period, the model was subjected to validity testing 
comparing simulated results to measured flow rates from the 1991-1998 period.   

Simulated and observed annual total flow volumes compare reasonably well.  At Welland 
River, the Nash-Sutcliffe and R2 coefficients are lower than the coefficients for the 
calibration period, as shown Table 3.4.  The log-scale Nash-Sutcliffe (0.67) is 
significantly higher than the normal Nash-Sutcliffe (0.27), which illustrates that the 
discrepancies in the high flows were over-represented, and in fact the fit, over the entire 
range of flows is quite good. 

Table 3.4 – UWR Verification Statistics (Monthly Mean Flow mm/month) 

 
 

WSC Gauge 
 

R2 
Standard 

Error 
 

Nash-Sutcliffe 
Log  

Nash-Sutcliffe 
Verification Period Welland River  0.60 25.6 0.27 0.67 

1999-2005 Oswego Creek 0.45 27.4 0.37 0.58 

 
The simulated and observed seasonality of the mean and median monthly streamflows at 
Caistor Corners are in reasonably good agreement (Figures 3.21 and 3.22).  The ranked 
duration plot in Figure 3.23, shows a very close match in simulated and observed flows, 
confirming a reasonable simulation of flows for the verification period at the Welland 
River below Caistor Corners gauge. 

The model verification results were reasonable at Oswego Creek, considering there are 
only 4 full years of observed data for the verification period.  The Nash-Sutcliffe 
coefficient (0.37, 0.58 log-scale) and R2 (0.45) suggest a poorer fit than the calibration 
period, for all metrics, with the exception of the log scale Nash-Sutcliffe coefficient, as 
shown in Table 3.4.  

The simulated and observed seasonality of the mean and median monthly streamflows are 
in agreement at Canboro, with the exception of the summer mean flows (Figures 3.24 and 
3.25).  These high observed summer mean flows are suspicious in that this amount of 
discharge (0.2 m3/s) would be difficult to sustain for such a small watershed located in 
the Haldimand Clay Plain and may point to an issue with the observed data.  The ranked 
duration plot in Figure 3.26, also confirms a reasonable simulation of flows. 
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The change in Binbrook Dam operational procedures, which occurred in 1997, 
complicates verification, as the operations of the Dam prior to this time are not replicated 
within the HEC-HMS model.  Given the fact that the model does not reflect pre-1997 
operations, and the associated error this introduces, the model performance during the 
verification phase is acceptable.  This indicates that the basic hydrologic processes within 
the Upper Welland River are reasonably replicated. 

3.3.2.4 TWEL Calibration/Verification Results 
 
As described above, a calibration/verification exercise was conducted from April 2006 to 
October 2007.  Given the limited data for observed flow that was available, the focus of 
this exercise was on significant processes that were not being accurately represented (i.e. 
summer baseflows).  It should be noted that only flow data from April 2006 to October 
2007 data was available.  Not having two complete spring, fall and winter seasons in 
which to test the model was a significant limitation in determining the performance of the 
models in these seasons.  Thus, a high amount of reliance was given to the parameter 
adjustments utilized for the Twenty Mile and Upper Welland WSPA models. 

Limited attention was paid to parameters associated with the channel routing, which may 
result in hydrograph characteristics (e.g. rise, peak flow, recession) not being 
representative.  With the primary goal of this study being to support a Tier 1 Water 
Quantity Stress Assessment, particular attention was paid to low flow months.   

Correspondence of the simulated and observed annual flow volumes is very good.  The 
simulated total monthly flow volumes at Power Glen align well with the observed flows.  
The Nash-Sutcliffe coefficient, the log Nash-Sutcliffe coefficient, the standard error, and 
the R2 value shown in Table 3.5, also demonstrate good agreement between simulated 
and observed streamflow.   

Table 3.5 – TWEL Calibration/Verification Statistics (Monthly Mean Flow mm/month) 

Period Gauge R2 
Standard 

Error 
Nash-

Sutcliffe  
Log Nash-
Sutcliffe 

April 2006 -
October 2007 

Twelve Mile Creek 
near Power Glen 0.73 10.8 0.73 0.78 

 
The comparison of mean monthly flows shows a very good match in flow volumes 
between simulated and observed flows (Figure 3.27).  The comparison of median 
monthly flows shows the distribution of daily flows throughout each month is reasonable 
(Figure 3.28).  The largest differences are shown to be in the fall or spring period, a time 
which there is very little observed data available. 

The ranked duration curve, shown in Figure 3.29, also demonstrates very close agreement 
between simulated flows and observed flows.  To illustrate the significance of the 
estimated bedrock discharge into Twelve Mile Creek, a second ranked duration curve is 
included in Figure 3.30.  This ranked duration curve has had the bedrock discharge 
source removed, and therefore represents the simulated flow regime without this added 
water.  Comparison of Figures 3.29 and 3.30 illustrate that this bedrock discharge is a 



Niagara Peninsula Tier 1 Water Budget and Water Quantity Stress Assessment 
Niagara Peninsula Source Protection Area  
Final Report 
 

NPCA   
AquaResource Inc. 

50

dominant hydrologic process within Twelve Mile Creek, and that any simulation of the 
watershed must consider this discharge to properly represent the hydrology. 

Considering the short period of observed flow data that is available, and the provisional 
status of the data, the TWEL model is reasonably replicating the significant hydrologic 
functions within Twelve Mile Creek. 

Additionally, the successful calibration/verification exercise for TWEL has further 
validated the parameter adjustments initially made for the TWEN and UWR models, and 
which were subsequently applied to other WSPAs.  The fact that no significant 
modifications to the Loss Method, beyond the initial adjustments, were required to obtain 
a reasonable calibration/verification match (once the bedrock discharge was considered) 
confirms those initial adjustments. 

3.3.2.5 NOTL Calibration/Verification Results 
 
As described above, a calibration/verification exercise was conducted from April 1, 2006 
to October 2, 2007.  Given the limited data for observed flow that was available, the 
focus of this exercise was on significant processes that were not being accurately 
represented (i.e. summer baseflows).  It should be noted that only flow data from April 
2006 to October 2007 data was available.  Not having two complete spring, fall and 
winter seasons in which to test the model was a significant limitation in determining the 
performance of the models in these seasons.  Thus, a high amount of reliance was given 
to the parameter adjustments utilized for the Twenty Mile and Upper Welland WSPA 
models. 

Limited attention was paid to parameters associated with the channel routing, which may 
result in hydrograph characteristics (e.g. rise, peak flow, recession) not being 
representative.  With the primary goal of this study being to support a Tier 1 Water 
Quantity Stress Assessment, particular attention was paid to low flow months.   

As a test to determine if water added via the Whirlpool diversion of the Municipal 
Irrigation System, was present in the flow records at the Virgil gauge, the initial model 
simulation was run without the source described in Section 3.2.3.4.  This simulation 
significantly under-predicted summer flows by an average of 0.06 m3/s.  This suggested 
that water from the Municipal Irrigation System, which discharges approximately 
0.08 m3/s, when active, was reaching the Four Mile Creek near Virgil gauge.  Following 
the inclusion of this source of water, simulated streamflows matched reasonably well for 
the summer months. 
 
Correspondence of simulated and observed annual flow volumes is reasonable.  The 
simulated total monthly flow volumes at Virgil align reasonably well with the observed 
flows.  The Nash-Sutcliffe coefficient, the log Nash-Sutcliffe coefficient, the standard 
error, and the R2 value shown in Table 3.6, also demonstrate reasonable agreement 
between simulated and observed streamflow.  However, these calibration metrics may be 
negatively impacted by the short period of record. 
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Table 3.6 – NOTL Calibration/Verification Statistics (Monthly Mean Flow mm/month) 

Period Gauge R2 
Standard 

Error 
Nash-

Sutcliffe  
Log Nash-
Sutcliffe 

April 2006 -
October 2007 

Four Mile Creek 
near Virgil 

0.72 17.0 0.62 0.55 

 
The comparison of mean monthly flows shows a good match in flow volumes between 
simulated and observed flows for the summer months (Figure 3.31).  The comparison of 
median monthly flows show that the simulated flows for the summer are approximately 
0.03 m3/s lower than the observed (Figure 3.32).  Months with the largest differences in 
median flow are the winter and spring periods, a time which there is very little data 
available, and that flow estimates are likely affected by backwater due to ice.  The 
seasonal response of streamflow may also be affected by infiltration losses from the 
Municipal Irrigation System, through distribution channels, into the shallow groundwater 
system.  Depending on the storage characteristics of the shallow groundwater system, this 
infiltrated water may not return to the watercourse during the season when the Irrigation 
System is active (summer).  This lagging effect may cause observed streamflow, 
throughout the year, to be affected by the Municipal Irrigation System. 

The ranked duration curve, shown in Figure 3.33, demonstrates the differences between 
simulated flows and observed flows.  As is evident in the difference between the 
observed and simulated duration curves (particularly > 30% of the time), there appears to 
be significantly more water (0.04-0.05 m3/s) added to Four Mile Creek than is reported 
from the Whirlpool diversion.  This additional flow may be from the springs in the 
St.Davids Complex.  It is also possible that the rating curve for the Virgil gauge is not 
accurate. 

To illustrate the significance of the estimated Municipal Irrigation System source in Four 
Mile Creek, a second ranked duration curve is included in Figure 3.34.  This ranked 
duration curve has had the irrigation water source removed, and therefore represents the 
simulated flow regime without this added water.  Comparison of Figures 3.33 and 3.34 
illustrate that this irrigation source has a significant impact on the hydrologic processes 
within Four Mile Creek. 

Of the four WSPA models that have observed streamflow data available, NOTL is the 
poorest performing model.  Despite this, the model is performing reasonably well.  It is 
recognized that the net impact of the Whirlpool diversion on observed flows at the Virgil 
gauge, is poorly understood.  Given this lack of understanding, as well as questionable 
observed flow data (both in terms of period of record and provisional status of data), one 
is not able to determine how representative the model is of the hydrologic processes 
within NOTL WSPA.  Due to these limitations, no other adjustments were made to model 
parameters, beyond the parameter adjustments carried out for the Upper Welland River 
and Twenty Mile Creek models. 

3.3.3 Hydrograph Separation Comparison 

As described in Section 2.6, a hydrograph separation exercise has been carried out for 
stream gauges within NPCA.  The Baseflow Separation Program was used and is part of 
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the Soil and Water Assessment Tool (SWAT) hydrologic model.  It is traditionally 
known as BFLOW (AquaResource, 2007).  The program employs a digital filter 
technique that produces estimates of quick response (runoff) and slow response 
(baseflow) based on the shape of the total flow hydrograph.   

As a method to test the performance of HEC-HMS in simulating the differing portions of 
the hydrograph, both the simulated and observed hydrographs were run through BFLOW.  
The baseflow index (BFI), which is the proportion of separated flow to total flow, was 
calculated.  By comparing the simulated and observed BFI’s, insight can be gained into 
how well the model is representing a specific portion of the hydrograph. 

3.3.3.1 Upper Welland River 
 
For the Welland River gauge, the simulated BFI (21%) compares favourably with the 
observed BFI (17%).  For Oswego Creek the BFIs also compare well; simulated (14%), 
observed (13%). 

3.3.3.2 Twenty Mile Creek 
 
For TWEN, the simulated BFIs (11 and 12%) were lower than observed (16 and 17%).  
This indicates that the model is predicting a higher proportion of total flow being direct 
runoff, than is suggested by the observed streamflow record.  

In this case, it seems the simulated hydrograph is responding to, and receding from, a 
precipitation event too quickly.  This is resulting in BFLOW proportioning a higher 
amount of streamflow to direct runoff, and is suggesting that there may be insufficient 
routing represented within the model. 

With the primary objective of the model being low flows simulation, 
under-representation of routing within the model is less of an issue than processes 
relating to the partitioning of precipitation into runoff, infiltration, and 
evapotranspiration. 

3.3.3.3 Twelve Mile Creek 
 
Simulated TWEL HEC-HMS model BFI results were 47%, very similar to observed BFIs 
(49%).  This indicates that the model is predicting a slightly higher proportion of total 
flow being direct runoff, than is suggested by the observed streamflow record; however 
the difference is minimal.  The presence of a significant and very steady groundwater 
discharge is likely a factor in the high level of correlation between the simulated and 
observed BFIs. 

3.3.3.4 Niagara-on-the-Lake 
 
Simulated results (17%) were significantly lower than observed (41%) BFIs.  This 
indicates that the model is predicting a higher proportion of total flow being direct runoff, 
than is suggested by the observed streamflow record.  The difference between simulated 
and observed BFI is very stable, which suggests there is a fairly constant source of 
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baseflow that is not being considered in the model (e.g. springs in the St. Davids 
Complex). 

3.3.4 Model Parameters (uncalibrated WSPAs) 

For the WSPAs which could not be calibrated (i.e. GR, LIN, CWR, BFC, BDSC, FSEM, 
LENS, FEC, SNF and LWR) parameters related to the Constant Rate and Maximum 
Storage values in the Deficit and Constant Loss method were adjusted as described for 
TWEN and UWR.  These values affected the amount of overland runoff, baseflow and 
interflow, and the amount of evapotranspiration.  

Crop coefficients were modified to adjust the intensity of evapotranspiration applied to 
the storage element within the Deficit and Constant Loss Method. These modifications 
are a means to adjust evapotranspiration to account for issues with temperature data, solar 
radiation, the potential evapotranspiration method itself, or the lack of a sublimation 
process.  They are not due to the crop coefficients being non-representative of their 
respective catchments.  All monthly crop coefficients were increased, with the exception 
of October, which was slightly lowered from the original estimate.  As the crop 
coefficients are direct multipliers to the potential evapotranspiration estimated by 
Priestley-Taylor Evapotranspiration Method, increasing the crop coefficients resulted in 
an increase in evapotranspiration, with a corresponding decrease in streamflow (runoff, 
interflow and baseflow).  

The groundwater coefficients with the Linear Reservoir Baseflow Method were not 
adjusted.  While these are simply routing parameters, and are not used in partitioning 
precipitation, they are important to properly represent how infiltrated water is returning to 
the watercourse.  However, as described in Section 3.2.8, for FSEM catchments on or 
near the Fonthill Kame-Delta Complex, the groundwater coefficients for the 1st linear 
reservoir were set equal to the 2nd linear reservoir to direct all percolated water to the 
baseflow reservoir.   

3.3.5 Model Sensitivity 

Sensitivity analyses were carried out on WSPA models to determine each model’s 
sensitivity to variations in hydrologic parameters.   

Previous HEC-HMS studies have shown that simulated streamflow is most sensitive to 
two parameters.  They are: (1) the maximum infiltration rate (equivalent to the Constant 
Loss in the Deficit and Constant Loss Method), and (2) the water content available for 
evapotranspiration (Deficit term in the Deficit and Constant Loss Method) (Fleming and 
Neary, 2004). 

Based on this finding from Fleming and Neary, four scenarios were tested to judge the 
sensitivity of model outputs to variations in the Constant Rate and Maximum Storage 
terms, included in the Deficit and Constant Loss Method.  It is recognized that many 
other parameters and inputs can also have an impact on simulated streamflow (snowmelt 
parameters, temperature, crop coefficients, precipitation, baseflow recession constants, 
etc.). 
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Both the Constant Rate and the Maximum Storage were varied by ±25% independently, 
resulting in the four scenarios. Changes in total outflow, mean evapotranspiration, runoff 
and recharge were calculated.  The results are shown in Figures 3.35 to 3.42.     

Variations in the Constant Rate did not affect overall streamflow volume, but did cause 
significant changes in water balance estimates.  Given that the Constant Rate controls the 
drainage of the storage reservoir (when fully saturated) to the groundwater reservoirs, 
increasing the Constant Rate results in an increase in both baseflow and interflow, with a 
corresponding decrease in runoff.  Alternatively, decreasing the Constant Rate has the 
effect of increasing runoff, and decreasing baseflow and interflow.  Due to the Constant 
Rate not impacting the amount of water that can be held in storage, evapotranspiration is 
not affected.  The percent change for both variations in the Constant Rate however is 
minimal and well within the uncertainty associated with streamflow estimates (Winter, 
1981), which suggests that estimated streamflow is insensitive to changes in the Constant 
Rate.   

Since percolation and runoff only occur when the storage reservoir is full (i.e. when the 
soil is saturated), increasing the Maximum Storage results in decreases in baseflow, 
interflow, and runoff.  Actual evapotranspiration increases due to a higher volume of 
water being held in the storage element.  A decrease in the Maximum Storage has the 
reverse effect: increasing baseflow, interflow and runoff and decreasing 
evapotranspiration, as less water is required to reach the storage reservoir’s point of 
saturation.  The model outflow is highly sensitive to variations in Maximum Storage in 
the fall and early winter months, but insensitive to these variations in the spring and 
summer.  This is due to the storage element either being completely empty (summer) or 
completely full (spring) during these seasons, regardless of the size of the storage 
element.  Very large variations in Maximum Storage would be required to change 
streamflow during these seasons.  Flows during the fall season do exhibit sensitivity to 
variations in the Maximum Storage term.  This is due to the storage reservoir being filled 
during these months.  A smaller storage reservoir would cause the storage reservoir to be 
filled quicker, resulting in more volume directed to percolation and direct overland 
runoff.  Increases in the storage reservoir will yield the opposite effect: lowered flows, 
runoff, and percolation. 

It is important to note that variations in the Constant Rate and Maximum Storage term, do 
not impact flows during the summer months.  This suggests that uncertainty with these 
terms will not likely add significant levels of uncertainty to the Tier 1 Surface Water 
Stress Assessment. 

The results of the sensitivity analysis suggest that the model solutions are non-unique, 
particularly with respect to the Constant Rate.  In a non-unique solution, it is possible to 
calibrate the model to streamflow volumes and obtain a good fit with a number of 
differing sets of parameters.  Frequently with non-unique solutions it is likely that 
compensating errors are present; whereby the model is simulating the correct streamflow, 
but incorrectly replicating the underlying physical processes.   
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The Constant Rate can vary by as much as 25%, with a negligible change in streamflow 
volume.  While streamflow is not sensitive to the Constant Rate variation, there is a 
significant impact on the water balance parameters estimated by the model.  Water 
balance estimates (runoff, baseflow) therefore have a greater degree of uncertainty than 
the streamflow estimates. 

To reduce the level of uncertainty, it is recommended that a more detailed Loss Method, 
such as the Soil Moisture Accounting Method, be tested on a WSPA to validate the water 
balance estimates made via the Deficit and Constant Loss Method.  Such a test would 
preferably be carried out within a WSPA with observed streamflow data.  The modular 
approach of HEC-HMS would easily facilitate replacing the Deficit and Constant Loss 
method, with the Soil Moisture Accounting method.  Should the more detailed Soil 
Moisture Accounting Method generate water balance estimates similar to the Deficit and 
Constant Loss, a higher level of certainty could be attached to estimates generated for 
other WSPAs.  Additionally, the Soil Moisture Accounting Loss method allows the 
modeller to account for the proportion of percolated water that is lost from the surface 
water system as “deep recharge”, a key limitation of the Deficit and Constant Loss 
method identified in Section 3.2.5. 

3.3.6 Pro-rating Results 

 
The HEC-HMS continuous surface water models did not cover the total NPSP Area.  
Niagara Falls Urban (NFU) and St.Catharines Urban (SCU) areas were not included in 
the HEC-HMS modelling exercise.   

 
To facilitate water budgeting of the entire NPSP Area, HEC-HMS output results were 
assigned to NFU and SCU, through a “pro-rating” process.  The pro-rating consisted of 
assigning modelled catchment results to un-modelled catchments having similar 
topography, land cover and soils.  This was performed by considering similar recharge 
potentials. 

 
Similar recharge potential was assumed for catchments having infiltration factor grid 
values +/-0.05 (NPCA and AquaResource Inc., 2009) and the same HEC-HMS assigned 
weather station zone. This criterion was generally very successful.  Some un-modelled 
catchments required use of a neighbouring weather station catchment, or a greater 
tolerance in the infiltration factor criterion to +/- 0.1.  The greater tolerance in the 
infiltration factor was required to populate some largely urban, lower recharge, 
catchments and was considered reasonable. 
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3.4 Results 

3.4.1 Water Balance 

HEC-HMS outputs a number of water balance parameters at the catchment level.  These 
include, but are not limited to: total flow, runoff, percolated water, evapotranspiration, 
snow water equivalent, and hydrographs at catchment or reach junctions.  These values 
are output at an hourly time step. 

Output from the HEC-HMS models are summarized per WSPA in Table 3.7.  Results are 
also mapped on Figures 3.43 to 3.51 for both WSPAs and individual catchments.  
Additional tabular results on a per catchment basis are also available in the original WAS 
reports.  The water balance terms are defined below: 

 Precipitation – Climate data used to represent the precipitation over each of the 
catchments is summarized by HEC-HMS and is presented here. 

 AET – Estimated actual evapotranspiration. 
 Interflow – Outflow from 1st linear reservoir (half of percolated water, except for 

select Fonthill Kame catchments); percolated water which moves laterally through the 
unsaturated soil horizon. 

 Baseflow – Outflow from 2nd linear reservoir (half of percolated water, except for 
select Fonthill Kame catchments); slow responding groundwater system. Consists of 
water which reaches the saturated soil zone. 

 Overland Runoff – Depth of water that does not infiltrate, and reaches the surface 
water system via overland runoff. 

 Total Outflow – Total annual outflow from the catchment; is the sum of Baseflow, 
Interflow and Runoff. 

Table 3.7 - Summary of Water Balance Model Results 
WSPA Precipitation AET Interflow Baseflow Runoff Outflow  

ID (mm) (mm) (mm) (mm) (mm) (mm) 

TWEN 897 547 39 39 271 350 
UWR 896 575 47 47 224 322 
CWR 934  542 36 36 319 391 

BFC 934  577 48 48 259 356 

BDSC 887  523  29  29  305  364  
LENS  967  520  51  51  343  446  
FEC 1041  524  56  56  405  518  

TWEL 891  446  26  53  363  442  
 NOTL  880 486 49 49 295 394 

LWR 920  509  31  31  348  409  
SNF 972  578  42  42  310  394  

FSEM 900  564  41  77  218  336  
GRM 923 514 54 54 304 411 
LIN  884 455 64 64 302 430 
NFU 912 395 20 20 475 516 
SCU 890 211 8 8 663 678 
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WSPA Precipitation AET Interflow Baseflow Runoff Outflow  

ID (mm) (mm) (mm) (mm) (mm) (mm) 

Overall NPCA 922 531 43 46 301 390 
TWEL - Upper 900  592  30  105  172  307  
Note: Precipitation may not exactly equal AET+Interflow+Baseflow+Runoff due to rounding 
errors within HEC-HMS, however they are <0.1% of precipitation 
 
3.4.1.1 Precipitation 
 
The per catchment distribution of precipitation is shown on Figure 3.43.  Individual 
Environment Canada precipitation station records were assigned per catchment.  The 
highest precipitation was in FEC and SNF with the lowest amounts on a number of Lake 
Ontario catchments in LIN, FSEM and NOTL.  These reasonably match the isolines of 
Figure 2.3 which included contouring of stations outside the NPSP Area western 
boundary. 
 
3.4.1.2 Evapotranspiration 
 
The actual evapotranspiration (AET) results per catchment are shown on Figure 3.44.  
Catchments of extremely low AET appear to largely correspond with urban areas, e.g. 
Welland, Niagara Falls and St.Catharines.  Catchments of high AET appear to correlate 
well to agriculture, wetland and forest land cover.  On Figure 3.45 the AET is shown as a 
percentage of the annual precipitation showing the amount of available water taken up by 
AET. 
 
The AET per WSPA results range between 446 and 592 mm/year (Figure 3.46).  The 
WSPA AET results are area-weighted values of the catchment results and as such are 
much less extreme in range than the catchment values.  Similarly, the range of AET as a 
percent of precipitation is much narrower for the WSPAs, from 50 to 70%, than for the 
individual catchments (Figure 3.47).  These results are generally close to but slightly 
lower than those prepared from surface water gauge results as part of the Conceptual 
Water Budget (Franz et al, 2007). 
 
3.4.1.3 Runoff 
 
Annual catchment runoff is shown as a percent of annual precipitation on Figure 3.48.  
The lowest percentage runoff (<20%) correlates well with catchments on the Fonthill 
Kame-Delta Complex and the highest percentage runoff with urban areas.  Most of the 
NPSP Area is mapped as between 20 to 40 %. 

3.4.2 Surface Water Supply Components 

The monthly median and 90th percentile flows, as estimated by HEC-HMS for each 
WSPA are shown in Table 3.8. These flow estimates include the direct overland runoff 
calculated from the upstream drainage area, and the interflow and baseflow components.  
WSPA flows include contribution from those scaled up from un-modeled catchments.  
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The lowest monthly median, per WSPA, corresponded to September or August, except 
for TWEL (November) and UTWEL (October).  The median flows are shown normalized 
in litres per second per km2for September per WSPA on Figure 3.49.  Most WSPAs are 
between 1-10 L/s/km2.  At the lower end in September are GR and BFC (0-1 L/s/km2) 
and at the upper end TWEL and LWR (>10 L/s/km2). 

The median and 90th percentile flows presented do not include water added from any of 
the NOTL municipal diversions into NOTL.  The amount of water diverted into NOTL 
will be added in Section 5.3 as part of the PTTW assessment. 

The median flows are used for the surface water supply following provincial guidance 
(MOE, 2007).  However many watercourses experience low to dry summer conditions 
regardless of takings/demand.  Many NPSP Area permitted surface water takers are 
aware of this and store water during wet periods for use during dry periods because of 
these dry conditions, e.g. Twenty Mile Creek can go dry.  Use of a mean flow or 
accounting for the exact storage taking time, e.g. spring, would be more representative of 
these types of taking from storage and more capacity for demand would be possible as 
mean flows are generally greater than median flows.  

Due to the sheer volume of the OPG discharges (>200 m3/s) to Twelve Mile Creek, it is 
certain that any possible water quantity issues in the upper reaches of Twelve Mile would 
be masked when comparing total consumptive demand to total outflow for the WSPA.  
As such, for the purposes of the surface water stress assessment, the TWEL WSPA is 
split into two areas, one being upstream of the OPG diversion, called UTWEL, and the 
entire WSPA, TWEL.  The logical division point is the Twelve Mile Creek at Power 
Glen stream gauge. 
 
There is a greater amount of uncertainty with respect to the 90th percentile flows than 
with the median flows.  The 90th percentile flow, being observed at the extreme low end 
of flows, may be affected by processes not considered by HEC-HMS.  These processes 
may include, but are not limited to: water takings, evaporation from the stream channel, 
online ponds, and regional groundwater discharge.  Due to the magnitude of these 
processes not being well known, the net effect of these processes (additional or less flow) 
is not able to be determined, but does introduce a level of uncertainty into the 90th 
percentile flows. 

3.4.3 Groundwater Supply Components 

The determination of the groundwater supply term is slightly more complex, due to 
HEC-HMS producing estimates of both interflow and baseflow.  As described in Section 
3.1.1.4, interflow is the portion of stormflow that moves through a shallow, unsaturated  
soil horizon towards a watercourse.  Based on this description, the portion of percolated 
water that is directed into the interflow array will not be considered as part of the 
available groundwater supply. 

The portion of percolated water that is directed to the baseflow array within HEC-HMS, 
and is meant to represent a slower, deeper groundwater system (only relative to the 
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interflow component), will be used to infer groundwater recharge.  It is recognized that 
within the Haldimand Clay Plain, there is very little evidence of a regional aquifer that 
has strong interconnections with the surface water system (Franz et al., 2007).  
Groundwater recharge estimates, inferred from HEC-HMS baseflow estimates, should 
not be considered recharge to deep, confined aquifers below the Haldimand Clay Plain, 
but rather recharge to shallow and localized aquifers near the surface.   

The presence of the Fonthill Kame-Delta Complex within TWEL seems to be the 
exception to this generalization.  Previous studies (Blackport, WHI, 2005) have 
quantified the amount of discharge to Twelve Mile Creek from the bedrock flow system, 
and are assumed to be originally sourced from outside the WSPA.  Whereas HEC-HMS 
recharge estimates for the majority of TWEL (and other WSPA) represent recharge to 
shallow, localized aquifers, this is not the case for catchments which comprise the 
Fonthill Kame-Delta Complex.  According to Blackport et al (2005), there are bedrock, 
deep overburden, and shallow overburden aquifers present in and around the Fonthill 
Kame-Delta Complex.  A portion of the HEC-HMS recharge estimate would supply all 
three aquifers; however, the division of total recharge between the three aquifers is not 
able to be determined within the scope of the current study.  At the scale of a Tier 1 
Water Quantity Stress Assessment, no distinction is made for recharge that supplies a 
specific aquifer unit; rather the stress assessment is carried out on the groundwater 
system as a whole.  This may result in percent water demand being under-estimated for a 
confined water source whose primary source of water is lateral groundwater inflow. 

It is recognized that there is uncertainty associated with HEC-HMS’s arbitrary 
proportioning of percolated water to half baseflow and half interflow.  Actually this 
division would shift from year to year, and season to season, with possibly some periods 
experiencing all percolated water returning to the watercourse as either interflow or 
baseflow.  Determining the exact proportion of percolated water that reaches the 
uppermost water table (groundwater recharge) is not an obtainable goal for the scope of 
this project.  By considering half of percolated water that is directed to the baseflow array 
as available for groundwater taking, the Stress Assessment will be conservative in nature. 

Included in Table 3.9 and shown on Figures 3.50 and 3.51 are the estimated 1991-2005 
annual mean groundwater recharge rates.  Also included in Table 3.9 is the groundwater 
reserve value, which is equal to 10% of estimated groundwater discharge (baseflow).  
These values do not include Qin from the groundwater flux calculation of Section 4.0. 

Table 3.9 – Annual Groundwater Recharge Supply  
 Water Supply 

 (Groundwater Recharge) 
Water Reserve 

 (10% Discharge) WSPA 
(mm) (mm) 

CWR 36 3.6 
BFC 48 4.8 

BDSC 29  2.9 
FEC 56 5.6 

FSEM 77 7.7 
GR 54 5.4 
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 Water Supply 
 (Groundwater Recharge) 

Water Reserve 
 (10% Discharge) WSPA 

(mm) (mm) 
LIN 64 6.4 

LENS 51 5.1 
NOTL 49 4.9 
SNF 42 4.2 
LWR 31 3.1 

TWEL 53 5.3 
UTWEL  105 10.5 
TWEL  

(Downstream of Gauge) 
24 2.4 

TWEN 39 3.9 
UWR 47 4.7 
NFU  20 2 
SCU 8 0.8 

 
The results shown on Figure 3.50 appear reasonable when compared to typical 
groundwater recharge rates as presented by MOE (1995):  
 Fine to medium sand: 200-250 mm/year 
 Silty sand to sandy silt: 150-200 mm/year 
 Silt: 125-150 mm/year 
 Clayey silt: 100-125 mm/year 
 Clay: less than 100 mm/year  
 
Catchments on the Fonthill Kame-Delta Complex largely correlate with sand and 
Haldimand Clay Plain catchments with clay to clayey silt (Figure 3.50).  The WSPA 
recharge rates are similar in correlation to these material types but with the high recharge 
area in Fonthill much less pronounced.  The WSPA results are somewhat varied from the 
preliminary surface water balance from the Conceptual Water Budget recharge rates with 
the HEC-HMS results being 30% lower for TWEN, 15% lower for UWR and 10% lower 
for BFC. 

3.5 Uncertainty 

Any model of a natural system is a simplification of reality, and as such, is inherently 
uncertain.  Although the calibration and verification processes are performed in an 
attempt to reduce uncertainty, the model results and water budgets reflect the uncertainty 
in the input parameters.  

The certainty of the water balance estimates is inexorably tied to the ability of the climate 
stations used in the model to accurately represent the average climatic conditions over the 
WSPA.  The current density of climate stations with long term datasets is likely not 
sufficient to fully reflect spatial climate variability, particularly during the summer 
months where extremely localized precipitation events are common (thunderstorms). 
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Further climate-related uncertainty is introduced into the process by the measurement 
error in climate observations.  Uncertainty with the precipitation measurement has been 
estimated by Cumming Coburn Limited (2000) to be approximately ±10%, with 
uncertainty during winter months reaching ±20%.  Precipitation measurement in winter 
months has a higher degree of uncertainty due to the difficulty of measuring snowfall. 

Snow accumulation, ablation, redistribution and melt are significant hydrologic processes 
in Canadian watersheds.  The rates of these processes are determined by the inter-relation 
of many factors, including: land cover, albedo, solar radiation, wind speed/direction, 
cloud cover, temperature fluctuations, rainfall amount/temperature, and new snow 
density.  Lack of available data and a complete understanding on the interrelations and 
implications of these factors introduces a level of uncertainty into hydrologic modelling.  
The simplified snow processes within HEC-HMS reflects this level of uncertainty. 

Care should also be taken when interpreting results from extreme events, such as the 
1998-1999 drought.  During extreme events certain processes that may be insignificant 
under “average” conditions, and therefore not considered in regional scale modelling, 
may become dominant and affect the hydrologic response of a watershed.  This can lead 
to model estimates deviating from observed conditions for such periods. 

All modelling algorithms are simplified and are unable to accurately reflect the host of 
processes that can affect the hydrologic response of a catchment to a precipitation event.  
These limitations are not solely specific to HEC-HMS, nor the algorithms contained 
within HEC-HMS, but are rather a limitation of hydrologic science.  With an insufficient 
ability to conceptualize and replicate all hydrologic processes, hydrologic model 
algorithms group, or average, many processes into one.  This averaging has the ability to 
introduce error into water balance estimates, and often the solution reached by an 
averaged approach results in a non-unique solution.  This limitation should be kept in 
mind for utilizing water balance estimates generated as part of this study. 

The climate of southwestern Ontario significantly varies from season to season.  As a 
result of these changing seasons, hydrologic parameters (e.g. infiltration, depression 
storage, overland runoff routing) also vary.  In the case of the freezing and thawing of 
soils, this can have a significant impact on the ability of soil to infiltrate water.  
HEC-HMS does not have the ability to vary parameters with season, and as such, is a 
source of uncertainty.  Due to the dominance of the Haldimand Clay Plain in the area, 
and its limited ability to infiltrate water, even under warm conditions, it is expected that 
the uncertainty associated with this limitation is less significant than for highly pervious 
watersheds.  

While any modelling exercise contains inherent uncertainties, it should be noted that the 
TWEN and UWR models are acting as excellent to very good predictors of streamflow, 
as is shown in Sections 3.3.2.  Based on the exhibited performance, the constructed HEC-
HMS model produces estimates of streamflow and water balance values that far exceed 
the level of accuracy expected for a Tier 1 Water Quantity Stress Assessment. 
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3.5.1 TWEN, UWR, TWEL and NOTL 

Streamflow measurements have varying degrees of uncertainty which must be considered 
when calibrating a model.  Manual flow measurements, which are used to generate rating 
curves (allowing the translation of river stage to river flow), may contain errors of 
approximately ±5% to 15% (Winter, 1981).  Measurement error for extreme events (very 
low or very high flow) can be significantly higher.  Additionally, changes in river channel 
geometry may alter the accuracy of the rating curve with time.  These changes in river 
channel geometry may be over the scale of years (riverbed erosion), or over months 
(aquatic plant growth or river ice conditions causing backwater). 

3.5.2 TWEL 

Having minimal observed data to assess the calibration and performance of the TWEL 
HEC-HMS model is a significant source of uncertainty.  Due to the short period of record 
available, there was not sufficient information to fully assess the model’s performance, 
particularly during the fall, winter and early spring periods.  The model’s ability to be 
representative of the long term average is largely reliant on the previous 
calibration/verification exercise carried out for Twenty Mile Creek and Upper Welland 
River WSPAs. 

The representation of the bedrock discharge into Twelve Mile Creek is a source of 
uncertainty.  It is currently modelled as a steady input, where in reality this discharge 
would vary seasonally, as well as year to year.  The quantity of discharge input into the 
model was calculated based on measured baseflows for one summer, and therefore may 
not be representative of the long term average.  Additionally, there is the possibility that a 
portion of the water within the bedrock aquifer, which is assumed to be recharged from 
outside the WSPA, is in fact, recharged within the TWEL WSPA.  Given the information 
that is available on the hydrology/hydrogeology of the Fonthill Kame, it is felt that 
uncertainty has been minimized wherever possible. 

3.5.3 NOTL 

The representation of the Municipal Irrigation System in NOTL is a substantial source of 
uncertainty as well as spring discharge in St.Davids.  With insufficient information 
available to accurately characterize all water losses and inputs within the System, the net 
impact of the diversion on the Virgil gauge cannot be established.  By not being able to 
isolate the anthropogenic effect from the observed data, the natural hydrologic response 
of Four Mile Creek cannot be determined.  This severely limits ones ability to test the 
performance of the NOTL HEC-HMS model in producing accurate water balance and 
streamflow estimates.  A review of the 2008 WSC dataset in a future model update could 
prove invaluable as it is understood that the irrigation system was not in use during that 
year.  Additional information on water withdrawals and distribution losses are also 
needed to make better use of the flow data being collected at the Four Mile Creek near 
Virgil gauge. 
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3.5.4 Uncalibrated WSPAs 

With no streamflow data to calibrate to, and verify the performance of the model against, 
there is a greater degree of uncertainty associated with results from this model, than the 
Twenty Mile or Upper Welland models.  Given the geologic homogeneity, and the 
resulting likelihood that adjustments for Twenty Mile or Upper Welland are transferable 
to the other WSPAs HEC-HMS models, this uncertainty is minimized. 

 
 
 



Niagara Peninsula Tier 1 Water Budget and Water Quantity Stress Assessment 
Niagara Peninsula Source Protection Area  
Final Report 
 

NPCA   
AquaResource Inc. 

64

4. GROUNDWATER FLOW IN (QIN) 
The total rate of groundwater flowing into the WSPAs (QIN) was calculated using 
groundwater level maps.  The results reduce over-estimation of groundwater quantity 
stress although there may be a high level of uncertainty in these calculations.  The 
groundwater flow in (QIN) and recharge estimates (QR) are combined (as shown below) to 
calculate the groundwater source supply (QSUPPLY Groundwater) for the stress 
assessment.   
 
QR Recharge (HEC-HMS Baseflow)  
QIN Water Table Darcy Flow  
QIN Potentiometric Surface Darcy Flow  

QSUPPLY 
Groundwater 

 

4.1 Methodology Overview 

The “flux estimate from groundwater level maps” methodology is described in the Water 
Budget and Water Quantity Risk Assessment guidance module (MOE, 2007) and is rated 
between “no estimate” and “calibrated groundwater flow models”.  This option was 
chosen because “calibrated groundwater flow models” were not readily available for the 
NPSP Area (or within the scope of a Tier 1 work), and “no estimate” would have been an 
over-estimation of groundwater quantity stress.  As per the guidance module, the average 
annual groundwater inflows are considered constant throughout a year.  
 
The calculation of QIN was completed using the ArcGIS 9.2 Darcy Flow tool (see 
Appendix D for ArcGIS calculation details).  The Darcy Flow calculations were 
completed on 50 m by 50 m resolution grid blocks and used Darcy’s Law in the form, per 
block:  
 

Flow(Q)=Transmissivity(T)xHydraulicGradient(i)xLength(L) 
 

The calculation of the input parameters are discussed in Section 5.2.  Other parameters 
can be input in the ArcGIS tool but are required for velocity results only, i.e. saturated 
thickness and effective porosity.  The Darcy Flow tool provided three outputs per cell: 
(i) flow magnitude (ii) flow direction and (iii) volume balance.  GIS analyses and script 
development were required to prepare the data inputs as well as process the results.  
 
Flux estimates were completed for two groundwater systems, the water table and the 
potentiometric surface (WHI, 2005) along WSPA boundaries.  Tier 1 work program 
guidance required a generalized approach although other groundwater systems exist, 
e.g. perched water table in the Fonthill Kame-Delta Complex.  
 
Groundwatershed maps for the two mapped systems were also completed using 
ArcHydro (Appendix D) to provide a reference of flow movement across WSPA 
boundaries.    
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4.2 Data Inputs 

4.2.1 Water Table and Potentiometric Surfaces 

The NPCA Groundwater Study (WHI, 2005) completed two regional groundwater level 
maps as discussed in Section 2.11.  These results were used to calculate the horizontal 
hydraulic gradient for the Darcy Flow calculations.  The groundwater level maps were 
also analyzed using ArcHydro to determine individual groundwatershed boundaries and 
flowpaths.   
 
Groundwater flow calculations were completed for the water table and potentiometric 
surfaces because groundwater takings (e.g. private wells and PTTWs) are from both 
systems. 

4.2.2 Transmissivity 

Transmissivity values were calculated from specific capacities according to the 
methodology of Neville and Keizer (2005).  NPCA Groundwater Study (WHI, 2005) 
specific capacity values were used for these calculations.  These values were from MOE 
water well records and were limited by WHI to those having a pumping test at least an 
hour long and having a measured drawdown of at least 0.5 metres.  Point values of 
transmissivity were interpolated into a gridded surface for input into the Darcy Flow tool. 
 
Transmissivity values were generally within published 10th to 90th percentile values for 
bedrock and overburden units (Singer et al, 2003).    Most values were from bedrock 
wells, 89% or 575 for the water table and 82% or 1,005 values for the potentiometric 
surface.  Overburden results for the potentiometric surface appeared most concentrated in 
the Fonthill Kame-Delta Complex area.  The transmissivity surfaces and their input data 
points are shown on Figures 4.1 and 4.2.  The transmissivity surface had very limited 
well data points in a number of areas, e.g. SNF, BFC, GR and BDSC.  
 
Due to anomalous affects, a very small number of specific capacity records (i.e. three) 
were not included in the creation of the water table transmissivity surface.  This is 
because these records overly biased the results at the eastern and western boundaries of 
the Niagara Escarpment at GR and BDSC. 

4.2.3 Length 

The “length” field was the watershed planning area boundary or the extent of the other 
input datasets, whichever was less.  Extents less than the WSPA boundary are considered 
reasonable as these occur near lake shorelines.  The “length” field conceptually 
represents the boundary through which groundwater could laterally recharge a WSPA.   
 
A further improvement to this approach was employed along the eastern boundary of 
NFU to reduce over-estimate of groundwater flow in.   This was required due to 
limitations of the mapped regional water table along this boundary.  It was assumed that 
no groundwater flow can occur to the water table from the Niagara Gorge along this 



Niagara Peninsula Tier 1 Water Budget and Water Quantity Stress Assessment 
Niagara Peninsula Source Protection Area  
Final Report 
 

NPCA   
AquaResource Inc. 

66

eastern boundary.  This is because the Niagara River is greater than 15 metres below the 
top of the Niagara Gorge and the water table system is defined as less than 15 metres 
below ground surface. 

4.3 Results  

4.3.1 Water Table and Potentiometric Groundwatersheds 

The water table groundwatershed boundaries largely reflect topographic (i.e. watershed) 
boundaries (Figure 4.3).  This is to be expected because the water table flow pattern is 
often a reflection of the ground surface, and WHI (2005) reinforced the water table 
surface with the digital elevation model.  However some water table groundwater flow 
patterns do cross WSPA topographic boundaries and include: 
 Flow from the upper reaches of TWEN into UWR and CWR; and 
 Flow from the upper reaches of TWEN and UWR to the Lake Erie Source Protection 

Region, i.e. outside the Niagara’s source protection area. 
 
The potentiometric surface groundwatershed boundaries (Figure 4.4) in many cases also 
reflect topographic boundaries but much less so than the water table.  Some flow patterns 
that cross WSPA boundaries include: 
 The upper reaches of TWEN flowing to UWR flowing to the Lake Erie Source 

Protection Region; 
 Central CWR flowing through/to BFC and Lake Erie; 
 A large portion of TWEL and middle TWEN flowing out through FSEM; and 
 Western FEC flowing north to SNF and LWR.  
 
These regional maps of groundwatershed boundaries highlight the complex nature of 
groundwater flow.  In a number of cases, groundwater appears to flow across watershed 
boundaries providing QIN to neighbouring WSPAs, similar to an upstream surface water 
supply. 

4.3.2 Darcy Flow Results Discussion 

The groundwater supply term (QSUPPLY Groundwater) for the stress assessment is a 
combination of QR (Recharge) and QIN (Groundwater In).  Water budget stress level 
criteria were designed to consider only inputs not net flow.  This provincially 
recommended Tier 1 Water Budget approach avoids needing to consider a number of 
unknowns or undetermined parameters (e.g. vertical groundwater flow). 
Darcy flow values (QIN) are presented with those of the HEC-HMS modelling (QR), 
QSUPPLY Groundwater and the QRESERVE Groundwater on Table 4.1 and on Figure 4.5.  
The water reserve (QRESERVE) value, a proportion of water to be sustained for human or 
ecological requirements was estimated as 10% of the groundwater QSUPPLY.  
 
The results indicate that the largest ‘QSUPPLY Groundwater’ is for the largest WSPA, 
UWR, at 39,478,230 m3/year.  Similarily, the smallest ‘QSUPPLY Groundwater’ is for the 
smallest WSPA, LWR at 3,883,438 m3/year.  Although SCU was even lower at 
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1,534,187 m3/year.  The average ‘QSUPPLY Groundwater’ is 88,000 metres3/year/km2, and 
ranged from 54,855 to 157,370 m3/year/km2.  The relationship is largely linear between 
groundwater supply and WSPA size due to the homogeneity of the surficial soils and 
recharge being largely the biggest component of groundwater supply. 
 
The QSUPPLY Groundwater is also shown in Table 4.2 with the three component inputs 
and their percentages.  Note that this has been normalized by WSPA to units of mm/year. 
 

Table 4.2: WSPA QSUPPLY Groundwater (mm/year)/(%) 
WSPA BDSC BFC CWR FEC FSEM GR 

QR (mm/year)  

(%) 
29 

(33%) 
48 

(76%)
36 

(45%) 
56 

(90%) 
77 

(69%) 
54 

(52%) 
QINWT (mm/year) 

(%) 
43 

(49%) 
8 

(13%)
26 

(32%) 
5  

(8%) 
16 

(15%) 
33 

(32%) 
QINPS (mm/year)  

(%) 
15 

(18%) 
7 

(11%)
18 

(23%) 
1 (2%)

17 
(16%) 

17 
(16%) 

QSUPPLY (mm/year) 87 63 80 62 110 104 
QRESERVE (mm/year) 8.7 6.3 8.0 6.2 11 10.4 

WSPA LENS LIN LWR NOTL SNF TWEL
QR (mm/year)  

(%) 
51 

(61%) 
64 

(41%)
31 

(28%) 
49 

(54%) 
42 

(76%) 
53 

(49%) 
QINWT(mm/year) 

(%) 
19 

(22%) 
64 

(41%)
41 

(27%) 
21 

(24%) 
9  

(16%) 
29 

(27%) 
QINPS(mm/year)  

(%) 
14 

(17%) 
29 

(18%)
27 

(25%) 
19 

(22%) 
4  

(8%) 
26 

(24%) 
QSUPPLY (mm/year) 84 157 110 90 55 108 
QRESERVE (mm/year) 8.4 15.7 11.0 9.0 5.5 10.8 

WSPA TWEN UWR NFU SCU UTWEL  
QR (mm/year)  

(%) 
39 

(60%) 
47 

(57%)
20 

(24%) 
8 

(11%) 
105 

(41%) 
 

QINWT(mm/year) 

(%) 
17 

(26%) 
22 

(27%)
16 

(20%) 
52 

(72%) 
68 

(27%) 
 

QINPS(mm/year)  

(%) 
9 

(14%) 
13 

(16%)
46 

(56%) 
12 

(17%) 
78 

(31%) 
 

QSUPPLY (mm/year) 64 83 82 72 251  
QRESERVE (mm/year) 6.4 8.3 8.2 7.2 25.1  

 
The greatest portion of WSPA groundwater supplies is QR (Figure 4.5 Groundwater 
Supply). Water table QIN was generally next largest in volume per WSPA.  Overall 57% 
of ‘QSUPPLY Groundwater’ is QR, 26% QIN Water Table (WT) and 17% QIN 
Potentiometric Surface (PS).  
 
The City of Hamilton Groundwater Study (Charlesworth and Associates, and SNC-
Lavalin Engineers and Constructors, 2006) water table system inflow results are similar 
to the NPCA QIN Water Table analysis.  City of Hamilton calculated 14 mm/year for the 
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shallow groundwater system inflow while NPCA calculated 22 mm/year.  This 
comparison has some validity due to similar physical settings, e.g. Niagara Escarpment 
and overlapping extents.  
 
On average QIN was half of the overall QSUPPLY Groundwater.  This is similar in 
magnitude to average results from the Toronto Region Conservation Authority (TRCA) 
of 46% (Ministry of Natural Resources, 2009).  QIN (water table and potentiometric 
surface) for WSPAs ranged from 10% to 72% of QSUPPLY Groundwater, which is also 
similar to TRCA.  The urban catchments of NFU and SCU were even higher though at 76 
and 89% of groundwater supply respectively, because of less recharge in their impervious 
areas.  Overall NPCA QIN (water table and potentiometric surface) results are on the 
higher end, compared to some other Ontario conservation authority jurisdictions, largely 
because of low groundwater recharge rates, i.e. the NPCA average groundwater recharge 
rate is 46 mm/year.     

4.4 Limitations 

The Darcy flow results are a good “first-cut” of quantifying groundwater flow in NPCA.  
However a number of limitations exist for the work including: 
 The Darcy Flow procedure does not include a calibration routine; 
 Areas of low density transmissivity values produce less confident results; 
 Groundwater flow systems are over-simplified in many cases;  
 Areas of sparse water level data may not correctly represent local conditions, e.g. 

PGS Reservoir Figure 2.17; 
 The Darcy Flow procedure is two-dimensional and does not include a direct 

accounting of vertical flow; 
 Inconsistent volume balance results along GR and BDSC boundaries; 
 There are no Darcy Flow case studies to compare the methodology and results; and 
 Flow along NPCA boundaries have not been compared to adjacent SPRs and may not 

be directly comparable. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Niagara Peninsula Tier 1 Water Budget and Water Quantity Stress Assessment 
Niagara Peninsula Source Protection Area  
Final Report 
 

NPCA   
AquaResource Inc. 

69

5. WATER DEMAND 
Water demand refers to water taken as a result of an anthropogenic activity (e.g. private 
water well and surface water intakes).  Five (5) water demand activities are considered in 
the Tier 1 Water Budget: Permits to Take Water (PTTW), livestock watering, 
non-irrigation crop water use (e.g. crop spraying, cooling, equipment washing, etc.), crop 
irrigation not requiring a permit and private water wells. 

Assessment of water demand is divided between groundwater sources and surface water 
sources.  At the Tier 1 level all groundwater sources are grouped together and these 
sources include water table and potentiometric, overburden and bedrock systems.  
Surface water sources are split between Great Lakes sources and in-land surface water 
sources.  In-land surface water sources, e.g. intake on Four Mile Creek, are consumptive 
uses, while Great Lakes diversions are considered additions to the surface water system 
where known, e.g. NOTL municipal irrigation system.     

5.1 Previous Water Use Assessments 

5.1.1 Groundwater Use Assessment (Waterloo Hydrogeologic, Inc. 2005) 

A groundwater use assessment was completed as part of the NPCA Groundwater Study.  
Assessment components included rural home private water wells, permits to take water 
and agricultural water use.  The assessment was completed for the NPCA and three 
NPCA watersheds, Lake Ontario, Niagara River and Lake Erie. 
 
Rural home private water well use was calculated based upon an estimated rural 
population of 67,197 (approximately 15% of an estimated NPCA population of 448,231).  
A water use rate of 175 L/day was assumed per person, as per MOE Groundwater studies 
technical terms of reference (2001).  This approach was considered conservative at the 
time because cisterns are used throughout NPCA which are filled by a variety of sources 
including trucked-in municipal water and rain water.        
 
The Ministry of the Environment provided the study team a Permit To Take Water 
(PTTW) database dated March 2004.  It included two types of permits: “groundwater” 
and “both”.  Permits classified as “both” indicated a combination of groundwater and 
surface water sources under a single permit.  The PTTW database was sub-
divided/analysed in three parts: (i) “large” PTTW users (>200,000L/day), (ii) “small” 
PTTW users (50,000-200,000L/day) and (iii) agricultural users.  Large PTTW users were 
surveyed, with some success, for information to refine the analysis, e.g. actual usage 
amounts versus permitted usage amounts.   
 
Agricultural water use was estimated through a combination of Statistics Canada 
Consolidated Census Subdivision (CCS) information as compiled by de Loe (2001) and 
information from the PTTW database.  Non-livestock agricultural water use was limited 
to a 120-day growing period. 
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The groundwater demand results are summarized in Tables 5.1 and 5.2 per major basin.  
The basins would roughly include the following WSPAs: 
 Lake Ontario: GR, LIN, TWEN, FSEM, TWEL, BDSC, NOTL and SCU 
 Niagara River: UWR, BFC, CWR, SNF, LWR, FEC (in part) and NFU 
 Lake Erie: LENS, FEC (in part) 
 

Table 5.1: Estimated Total Groundwater Use by Drainage Basin 
Drainage 
Basin Area 

Rural 
Domestic 
(m3/day) 

Large PTTW 
Users * 
(m3/day) 

Small PTTW 
Users * 
(m3/day) 

Agricultural 
(m3/day) 

Total 
(m3/day) 

Lake Ontario 5,817 89,113 646 10,868 106,444 
Niagara River 5,204 32,653 714 2,710 41,281 
Lake Erie 739 12,989 214 111 14,053 
Total 11,760 134,755 1,574 13,689 161,778 

Note: * - Based on maximum permitted rates for PTTW holders 
 

     Table 5.2: Estimated Total Annual Groundwater Use by Drainage Basin 
Drainage 
Basin Area 

Rural 
Domestic 
(m3/year) 

Large PTTW 
Users 
(m3/ year) 

Small PTTW 
Users 
(m3/ year) 

Agricultural* 
(m3/ year) 

Total 
(m3/year) 

Lake Ontario 2,123,077 32,526,245 235,790 1,336,163 36,221,275 
Niagara River 1,899,515 11,918,345 260,610 369,123 14,447,593 
Lake Erie 269,616 4,741,350 78,110 16,628 5,105,704 
Total 4,292,208 49,185,940 574,510 1,721,914 55,774,572 

Note: * - Based on 120-day growing season 
 

Waterloo Hydrogeologic Inc. (2005) also completed a regional water budget analysis 
using these demand results.  They estimated the total water demand as 25% of 
groundwater recharge in NPCA.  Total water demands were also calculated per 
watershed as 34%, 15% and 28% of Lake Ontario, Niagara River and Lake Erie, 
respectively.  Based upon the average demand groundwater stress criterion of >25% 
demand, the Lake Ontario watershed and Lake Erie watersheds would be considered 
under significant stress. 

5.1.2 Conceptual Water Budget (Franz Environmental Inc. et al, 2007) 

Surface water use was evaluated by Franz Environmental Inc. et al (2007) in the 
Conceptual Water Budget using the MOE PTTW database.  Surface water permits were 
separated into (i) Great Lakes sources and (ii) inland surface water sources.  Great Lakes 
sources included Great Lakes connecting channels (e.g. the Niagara River and the 
Welland Canal), water bodies fed by the Welland Canal (e.g. Lake Gibson) and the lower 
portion of the Welland River.   

Assessment of inland surface water use was completed using consumptive and monthly 
usage factors (see Section 5.3.1 and Appendix E).  Inland surface water permits were 
predominantly agricultural and commercial (e.g. golf courses).  The demand results are 
shown in Table 5.3. 
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Table 5.3: Average Annual Inland Surface Water PTTW Demand (m3/year) 

Purpose Agricultural Commercial Industrial Recreational Water 
Supply* 

Total 

Permitted  
22,279,443  

   
2,166,144  

    
473,364  

 
216,879,971 

 
284,990,969  526,789,891 

Estimated 
Actual Use 

   
1,709,108       724,026 

    
473,364  

 
216,879,971 

 
284,990,969  504,777,438 

Estimated 
Consumptive 
Use 

   
1,368,940       506,818 

    
118,341  

   
54,219,993  

   
56,998,194  113,212,285 

Note: * Non-municipal 

5.1.3 Raw Water for Agricultural Irrigation Study – Phase 2 Hydrogeological 
Assessment 

Stantec Consulting Limited (2008) completed hydrogeological investigations in the 
Fonthill Kame-Delta Complex area in support of groundwater irrigation supplies. In their 
conclusions they stated that:  

Based on the water balance calculations for the Fonthill Kame-Delta Complex, water 
infiltrates to the deeper aquifer systems at a rate ranging from 21 L/s to 225 L/s. 
Existing groundwater demand was estimated to be 125 L/s, suggesting that further 
refinement of the water balance would be required to understand if an additional 
irrigation demand of 33 L/s was sustainable. 

Their study area correlating with the Fonthill Kame-Delta Complex was approximately 
45.3 km2 and incorporates portions of TWEL, BDSC, CWR and FSEM.  

5.2 Municipal Water Use 

Municipal drinking water in NPCA is derived exclusively from Great Lakes and Great 
Lakes connecting channels’ surface water sources.  The seven (7) municipal water 
treatment plants are the City of Hamilton Woodward Avenue treatment plant and Niagara 
Region’s water treatment plants: Grimsby, Decew, Welland, Port Colborne, Fort Erie and 
Niagara Falls.  These Great Lakes and Great Lakes Connecting Channels sources are 
excluded from the water budget process (Assessment Report: Technical Rules, 3(4)).   
 
Within Niagara Region, the lower tier municipalities operate the local distribution 
systems to the population.  These municipally serviced areas (Figure 5.1) were derived 
from information gathered from Niagara Region and the Niagara Water Quality 
Protection Strategy (MacViro Consultants Inc. et al, 2003).  However it is understood the 
Town of Niagara-on-the-Lake and Town of Fort Erie also have extensive rural area 
distribution systems that are not fully captured in these areas.  Also the NPSP Area 
outside of this municipally piped area (Figure 5.1) is serviced by a combination of water 
systems including private wells, cisterns and communal systems.  Municipal water 
stations supply cistern users indirectly through water suppliers.    
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5.3 Permits to Take Water 

A majority of demand can be estimated using the Ministry of the Environment (MOE) 
Permit to Take Water (PTTW) database.  The database is maintained to regulate large 
users of water (greater than 50,000 L/day) from both surface water and groundwater 
sources.  The most recent PTTW database provided by MOE for this analysis was current 
to March 31, 2008.   The database provides, per individual permit number, the following 
information: major category, specific purpose, expiry data, date issued, taking type, client 
name, municipality, source name, location (easting and northing), maximum litres per 
day, maximum days per year and maximum litres per minute. 
 
The NPSP Area contained 192 PTTWs, having 315 sources, of which 135 are 
groundwater and 180 are surface water sources (Appendix E).  
 
The MOE database taking type “Groundwater” (Appendix E) can include both wells and 
dug ponds.  However, in some cases it appears the ponds are on-line with surface water 
courses.  During our analysis some pond takings were assigned to surface water rather 
than groundwater supply.  This affected single sources in BDSC, CWR and NOTL, two 
ponds in UWR and six in TWEN.  And in one case in TWEL, a surface water taking was 
assigned to be taking from groundwater, rather than surface water since the subject area 
is a spring fed pond (it appeared unlikely due to its extremely small drainage area and 
position on the Fonthill Kame-Delta Complex).    
 
While most PTTW were included for the demand analysis, some PTTW were excluded 
based upon their taking type and source.  These excluded PTTW were for municipal 
Great Lakes sources, Great Lakes takings for cooling water and hydroelectric facilities, 
Great Lakes communal drinking water systems, wetland creation, weirs, sources not in 
use (e.g. Fonthill municipal groundwater wells) and some hydroelectric construction 
dewatering.  The Great Lakes PTTWs were excluded because their net contribution (e.g. 
pipe losses in municipal distribution systems) is outside the scope of a Tier 1 Water 
Budget (MOE, 2007).  Wetland creation PTTWs were also excluded because they are 
considered one-time takings, i.e. during the initial fill-up of the wetland following 
construction.  The total number of excluded PTTWs per WSPA are shown in Table 5.4 
and totaled 43.  The NPSP Area is fairly unique in Ontario being surrounded by Great 
Lakes sources on three sides and bisected by the Welland Canal, another Great Lakes 
source. 
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Table 5.4: NPSP Area Analysis PTTW Summary 
WSPA BDSC BFC CWR FEC FSEM GR 
Total PTTWs  
(Included/ 
Excluded) 

7 
(4/3) 

8 
(8/0) 

16 
(10/6) 

8 
(7/1) 

25 
(23/2) 

2 
(1/1) 

Total Sources 1 
(Gw/ SW) 

14 
(5/9) 

16 
(9/7) 

27 
(8/19) 

15 
(12/3) 

38 
(18/20)  

2 
(1/1) 

Included Sources   
Gw/ SW (Excluded) 

5/3 
(6) 

8/4 
(4) 

8/7 
(12) 

10/2 
(3) 

13/18 
(7) 

1/0 
(1) 

Surface Water 
Additions  1 2 0 1 3 0 

WSPA LENS LIN LWR NOTL SNF TWEL 
Total PTTWs  
(Included/ 
Excluded) 

13 
(8/5) 

16 
(16/0) 

8 
(7/1) 

27 
(26/1) 

8 
(5/3) 

13 
(9/4) 

Total Sources  1 
(Gw/ SW) 

23 
(17/6) 

23 
(6/17) 

11 
(0/11) 

52 
(26/26)

15 
(2/13) 

22 
(11/11) 

Included Sources  
Gw/ SW (Excluded) 

16/1 
(6) 

5/1 
(6) 

0/7 
(4) 

17/24 
(11) 

2/3 
(10) 

9/7 
(6) 

Surface Water 
Additions 1  13 0 15 1 0 

WSPA TWEN UWR NFU SCU   
Total PTTWs  
(Included/ 
Excluded) 

19 
(17/2) 

19 
(8/11) 

5 
(2/3) 

0   

Total Sources  1 
(Gw/ SW) 

24 
(11/13)

29 
(9/20) 

7 
(2/5) 

0   

Included Sources  
Gw/ SW (Excluded) 

11/10 
(3) 

9/5 
(15) 

0/2 
(2/3) 

0   

Surface Water 
Additions 0 0 2 0   

Note: Gw – Groundwater, SW – Surface Water, 1 – includes both included and excluded PTTW 
 
A single PTTW can also have multiple sources.  Some sources, within a PTTW, were not 
included in the demand analysis.  Examples included redundant sources (e.g. back-up 
wells) and holding ponds (i.e. receiving water from a taking, common for golf courses).  
In some cases the total taking was applied to a single source, where the PTTW divides 
the taking amount between a number of sources.  Also in some cases, a PTTW had 
multiple sources located in two WSPAs and were allocated appropriately. 
 
Some other PTTW sources in the NPCA introduce water to WSPAs from Great Lakes 
and Great Lakes connecting channel sources, i.e. surface water additions.  These are 
primarily from Great Lakes sources serving agricultural needs (e.g. LIN and NOTL 
Surface Water Additions Table 5.4) but also included golf courses.  Another positive 
source to surface water is groundwater dewatering which can add water to the surface 
water system (e.g. FEC – quarry dewatering). 
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Other sources of water system introduction exist, e.g. leaky municipal water mains, septic 
systems, etc., however MOE guidance material indicates these are factors are outside the 
scope of a Tier 1 water budget. 
 
The individual permit details are tabulated in Appendix E, summarized below (Table 5.5) 
per specific purpose taking (for surface water and groundwater but not including those 
PTTW on Great Lakes sources) and shown on Figure 5.2.  The most common PTTWs are 
for agriculture (50) and golf courses (34).  Great Lakes sources (Table 5.6), while not part 
of the water demand calculations of the Tier 1 Water Budget, are also very important for 
many PTTWs in the  NPSP Area e.g. in LIN there are 13 PTTW from Lake Ontario 
(Appendix E).  

Table 5.5: Summary of Consumptive WSPA PTTW types 
(i.e. not including those on Great Lakes sources) 

WSPA BDSC BFC CWR FEC FSEM GR 
Agriculture   61  62   153  
Poultry processing       
Golf Course Irrigation 3 1 4 4 2  
Pits and Quarries 1   1 1 1 
Remediation    1   
Water supplies  1   1  
WSPA LENS LIN LWR NOTL SNF TWEL 
Agriculture  34  84  35 
Poultry processing 1      
Golf Course Irrigation 1  2 2 3 4 
Pits and Quarries 3   1   
Remediation 1      
Water supplies 1     1 
Industrial   3   1 
WSPA TWEN UWR NFU SCU   
Agriculture 66 32     
Poultry processing 1      
Golf Course Irrigation 4 3     
Pits and Quarries 2      
Remediation 1      
Water supplies  1     
Dams and reservoirs  1     
Recreational/ 
Institutional 

3      

Note:  1 - Sod, field crops, nursery, 2 - Sod, nurseries, 3 - Food processing, market gardens/ 
florist, field crops, nurseries, tender fruit, greenhouses other, 4 - Tender fruit, other, 5 - Nurseries, 
market gardens/ flowers, and 6 - Sod, tender fruit, other 
 
This Tier 1 Water Budget has also considered that the non-consumptive portion of Great 
Lakes takings can introduce water into WSPAs (Table 5.6, Figure 5.3, Appendix E).  
This occurs in a number of WSPAs, specifically BDSC, BFC, FSEM, LIN, NOTL, SNF 
and NFU.  Water is taken from the following Great Lakes sources: Welland Canal (and 
the Old Welland Canal), Lake Erie, Lake Ontario, the Niagara River and the Chippawa 
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Power Canal.  These diversions are to meet needs for agriculture and golf course 
irrigation.  In addition, water that could drain to the Grand River is also diverted to BFC 
for agricultural use.  In NOTL, the category “water supply” refers to agriculture 
indirectly as these PTTWs are operated by The Town of Niagara-on-the-Lake irrigation 
system.  In Appendix E the “additive” PTTW sources are denoted with a “-“ negative 
sign in the SW_Ratio column.  In one case in FEC, dewatering from a quarry has also 
been considered an additional surface water source. 
 

Table 5.6: Summary of Surface Water Additive WSPA PTTW types 
WSPA BDSC BFC FEC FSEM 
Agriculture  Grand River (1)  Lake Ontario (3) 
Aggregate 

  
Groundwater to 

Frenchman’s Creek 
(1) 

 

Golf Course 
Irrigation 

Old 
Welland 
Canal (1) 

Lake Erie (1) 
 

 

Water 
SupplyA 

  
 

 

WSPA LIN NOTL SNF NFU 
Agriculture 

Lake 
Ontario (13) 

Lake Ontario, 
Niagara River, Welland 

Canal (8) 
  

Aggregate     
Golf Course 
Irrigation  Old Welland Canal (1) 

Niagara River 
(1) 

Niagara River (1), 
Chippawa Power 

Canal (1) 
Water 
SupplyA  

Chippawa Power Canal, 
OPG reservoir, Niagara 

River, Welland Canal (5) 
  

Note:  A – Refers to Town of Niagara-on-the-Lake PTTWs for municipal irrigation system 

5.3.1 Consumptive Water Use and Monthly Usage Factors 

The quantities of permitted water taking as reported in the PTTW database are presented 
as maximum takings per day.  This quantity generally overestimates the actual taking and 
does not consider consumptive use.  The use of only the maximum taking per day to 
estimate consumptive demand, and calculate the degree of stress, generally overestimates 
the actual stress conditions.   

As an example, an aggregate resources operator may be permitted to pump water 
from a pond for aggregate washing, and the permitted pumping rate may be very 
high.  However, the operator may be returning all wash water to the same pond, 
resulting in very little consumptive water demand.   

Consequently, for the Tier 1 Water Budget, PTTW water demand is to be calculated as 
the ‘consumptive’ demand.  Consumptive demand refers to water taken from 
groundwater or surface water and not returned locally in a reasonable time period. 
 
It had been hoped to use “actual reported takings” for this study as they are required to be 
reported to the MOE, however, this information was not available.  To avoid 
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over-estimation of stress, the following large PTTW holders were canvassed to obtain 
actual pumpage volumes: 

1. Town of Niagara-on-the-Lake PTTWs Great Lakes and in-land (NOTL) - 2007 
2. Vinemount Quarry - Waterford Sand and Gravel dewatering (GR) - 2007/2008 
3. NPCA West Quarry Lakes dewatering to Lake Erie (LENS) –average of 2001 to 

2007 
4. Law Quarry - Waterford Sand and Gravel dewatering and diversion to Eagle 

Marsh Drain (LENS) - 2008 
5. Port Colborne sanitary sewer dewatering (LENS) – 2007/2008 
6. Nelson Quarry dewatering (TWEN) - 2008 
7. Vineland Quarries dewatering and wash plant (TWEN) - 2008 
8. Ridgemount Quarries dewatering and flow to Frenchman’s Creek (FEC) – 2008 
9. Walker Brothers Quarries, dewatering and wash plant (BDSC) – 2008 

 
The MOE recommends monthly estimates of consumptive demand building upon the 
generalizations of GRCA (2005) and AquaResource Inc. (2005) (MOE, 2007).  GRCA 
(2005) provided methodologies for estimating seasonally variable demand for permitted 
purposes.  AquaResource Inc. (2005) provided methodologies for estimating 
consumptive factors based on the recorded purpose of each permit.  These methodologies 
are described below as applied in the Tier 1 Water Budget. 
 
5.3.1.1 Consumptive Demand 
 
For the purposes of the Tier 1 Water Budget the consumptive factor is defined as: 
 

Consumption Factor (CF)=(Qpumped-Qreturned)/Qpumped 

 

The consumptive demand estimate is the product of the monthly pumping estimate and 
the above-noted consumption factor.  These factors range from fully consumptive (e.g. 
factor of 1 for food processing) to 0.008 (e.g. quarry dewatering).  The consumption 
factors are listed in Appendix F for each major category and specific purpose.  However 
for the instance of Category/Specific Purpose “Water Supply, Other – Water Supply” in 
NOTL, the consumptive factor of 0.8, not 0.2, was applied as this water is delivered for 
agricultural uses (e.g. tender fruit). 
 
Consumptive factors were applied to groundwater takings but may not necessarily be 
correct.  This is because aquifer systems in the NPSP Area may be confined or have thick 
unsaturated zones, i.e. the non-consumptive portion would not be returned to the source 
in a reasonable time frame.  In these cases, the non-consumptive portion would not be 
expected to be available to the original aquifers.  However, the non-consumptive portion 
could be available to surface water systems.  This would not be the case for takings from 
permitted shallow groundwater pond systems as common in CWR. 
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The amount of water introduced to a WSPA from a Great Lakes or Great Lakes 
connecting channel source was calculated as the non-consumptive portion of the taking.  
This is the same as 1-CF multiplied by the monthly pumping estimate. 
 
5.3.1.2 Monthly Usage 
 
Values of monthly demand were calculated based upon the maximum days per year in the 
PTTW database and GRCA’s monthly use table (Appendix F).  For example, (see table 
below), if a Fruit Orchard was permitted for 62 days, this demand was assigned to July 
and August.  In a limited number of cases, the PTTW database had no value in the 
maximum days per year field, in which case the GRCA table was only applied. 
 
 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Fruit 
Orchards 

0 0 0 0 0 0 1 1 0 0 0 0 

Golf Course 
Irrigation 

0 0 0 0 0 1 1 1 1 0 0 0 

Pits&Quarries 1 1 1 1 1 1 1 1 1 1 1 1 

5.3.2 MOE PTTW Database Review 

As described in Section 5.3.1, the PTTW database provided by the MOE (March 2008) 
was used in the monthly consumptive demand analysis.  This database included only 
active permits.  Some additional information was also gathered from MOE Technical 
Support Section (Hamilton, Ontario) in November 2008.  This included a review of a 
number of files needing clarification for source and quantity.  These files were primarily 
for agricultural PTTWs because these are not posted on the Environmental Bill of Rights 
website.  The Ontario Environmental Registry was also used in a number of cases in to 
obtain PTTW permits. 
 
Each individual PTTW of the database was reviewed for factors affecting monthly 
consumptive use calculations, including:  
 Single permit – multiple sources: original PTTWs reviewed (if readily available) to 

determine:  
o if total quantity should be evenly distributed; and/or  
o if ponds were sources or simply for storage. 

 Spatial location accuracy: PTTW locations were specifically reviewed near WSPA 
boundaries.  In some cases locations were adjusted, and/or sources assigned to 
different WSPAs.  Also in some cases, the MOE PTTWs did not have coordinates. 

 Source water type: MOE may classify PTTWs as “both” or “groundwater and surface 
water”.  However for demand calculations the source has to be explicitly groundwater 
or surface water.  Sources were reviewed and assigned to groundwater or surface 
water based on available information, e.g. original PTTW classification, surficial 
geology, water conveyance network, aerial photography, etc. 

 Major Category and Specific Purpose: These categories were reviewed and in some 
cases revised, e.g. (i) a golf course classified as agriculture or (ii) “Other- Industrial” 
made more specific to “Cooling Water”. 
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 Maximum litres per day and Maximum days per year: In some limited cases these 
were blank or incorrect and values were inserted from original PTTWs. 

 Newer PTTW:  In some cases, the NPCA was in possession of a more up-to-date 
PTTW than in the database, e.g. Mountain Road Landfill, and the newer PTTW 
information was used. 

 Expired PTTW: Some permits have expired since the March 2008 delivery and they 
were not used in the demand calculations, e.g. groundwater well pumping tests. 

5.3.3 Consumptive Monthly PTTW Demand 

The generalized process for determining consumptive use from the PTTW database is 
shown below, and was completed for this work in similar fashion as described by MOE 
(2007): 
 Only known valid PTTW were used in the demand calculations 
 Multiple sources were distributed where appropriate 
 Seasonality factors were applied to the maximum days of taking 
 Consumptive use factors were applied based upon the specific use category 

 
 

Figure 5.4 Process for Determining Consumptive Use from PTTW Database 
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The results of the monthly PTTW analysis are shown on Table 5.7 for surface water, 
groundwater, surface water additions and Great Lakes surface water takings.  There were 
no surface water PTTWs for GR, no groundwater PTTWs for LWR or NFU, and no 
PTTWs for SCU.  
 
The largest annual amounts over a million metres3/year were for: 
 In-land surface water takings in TWEN and LWR 
 Groundwater takings in LENS and FEC 
 Additions to in-land surface water supply in NOTL with NFU at nearly a million 

metres3/year 
 Great Lakes takings to NOTL and SNF with BFC at nearly a million metres3/year 
 
The highest monthly in-land surface water takings per WSPA were generally August or 
the same value for July and August.  However for FEC and SNF, six months had the 
same maximum values, because of a lack of actual pumpage values (May, July, August 
and October).  Interestingly for LENS, its maximum taking month was April related to 
spring freshet quarry dewatering as shown by the actual pumping records provided.  
Overall the highest monthly in-land surface water taking was from TWEN in August.   
 
The highest monthly groundwater takings per WSPA were generally for August or the 
same value for July and August.  Exceptions to this included demands from actual 
pumpage values GR (March), LENS (April) and BDSC (May).  Overall the highest 
monthly groundwater taking was from LENS in April.  
 
The largest in-land surface water supply additions, and the largest Great Lakes surface 
water takings were for NOTL in August. 
 
5.3.3.1 Agricultural Water Use 
 
Eight (8) PTTW specific purpose categories correlate to agricultural water use: Field and 
Pasture Crops, Fruit Orchards, Market Gardens/Flowers, Nursery, Other – Agriculture, 
Sod Farm, Tender Fruit and Other – Water Supply (for NOTL only).  Most WSPAs have 
agricultural related PTTWs, however the following WSPAs did not: BDSC, FEC, GR, 
LENS, LWR and SNF, and as a result are not tabulated below.  
 
For the WSPAs with PTTW agricultural water uses, their total annual and summer (July 
and August) amounts per groundwater and surface water sources are shown in Table 5.8.  
These will be used for comparison to the de Loe methodology calculations presented in 
Section 5.4.1. 
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Table 5.8: PTTW Agricultural Water Use 

WSPA  BFC CWR FSEM LIN 
Annual (m3) 1,553,958 363,078 677,327 627,988 
% Gw/ ISW /GLSW 16/30/54* 76/24/0 46/26/28 0.3/10.5/89 
Summer 1 (m3) 728,856 164,293 418,624 344,030 
% Gw/ ISW /GLSW 26/29/45* 73/27/0 27/28/44 1/19/80 
WSPA NOTL TWEL2 TWEN UWR 
Annual (m3) 7,328,882 577,197 1,447,155 305,379 
% Gw/ ISW /GLSW 0.2/12.7/87.1 81/19/0 2/98/0 84/16/0 
Summer 1 (m3) 4,545,714 226,172 631,829 97,659 
% Gw/ ISW /GLSW 0.3/11.9/87.8 52/48/0 2/98/0 72/28/0 

Note:  Annual – Sum of all groundwater and surface water PTTWs,  Gw – Groundwater, SW – 
Surface Water, ISW – Inland Surface Water, GLSW – Great Lakes Surface water, * - includes 
flow from Grand River, Summer – Sum of all groundwater and surface water PTTWs, 1 – 
Includes July and August, 2 – UTWEL only groundwater, LTWEL only inland surface water 
 

From these theoretical results, between 32% (UWR) to 62% (FSEM) of annual 
agricultural water use occurs during the summer period.  Half of these WSPAs (BFC, 
FSEM, LIN and NOTL) use Great Lakes sources to meet demands. 
 
The large percentage of groundwater in CWR used for agricultural needs comes from 
sources classified as dug ponds and ponds.  Most of these permitted ponds are located on 
the southern edge of the Fonthill Kame-Delta complex and it is considered reasonable 
they are receiving a component of groundwater recharge.  However the filling of these 
ponds by groundwater may be seasonal in nature. 

5.4 Non-permitted Water Use 

The MOE’s PTTW program has been in place since the early 1960s.  The MOE requires 
that any person taking more than 50,000 L/day into storage on any given day in a year, is 
required to hold an active PTTW.  Exceptions are granted for domestic water use, 
livestock watering and water taken for firefighting purposes.  

5.4.1 Agricultural Water Use 

Demand from agricultural water use sectors was generally estimated using the de Loe 
methodology (de Loe, 2001 and 2005) and agricultural census data.  The de Loe 
methodology provides water demand estimates (withdrawals not consumptive) for five 
(5) main categories: livestock, field crops, fruit crops, vegetable crops and specialty 
crops.  Examples of each include hens and chickens (livestock category), winter wheat 
(field crop category), apples (fruit crop category), sweet corn (vegetable crop category) 
and sod (speciality crop category).  The categories used are listed in Appendix G.  The 
annual and summer (i.e. July and August) irrigation demands are also presented.  
 
Agricultural water use was calculated for four (4) agricultural censuses: 1991, 1996, 2001 
and 2006.  Statistics Canada completed the de Loe calculations for NPCA.  This allowed 
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use of the highest resolution agricultural information (e.g. Dissemination Area (DA) or 
Enumeration Area (EA)) while honouring Statistics Canada confidentiality rules 
(Figure 5.5).  Statistics Canada did unfortunately apply a suppression protocol of fifteen 
(15) farms per WSPA that required LWR (the smallest WSPA) results to be combined 
with those of St.Catharines Urban (SCU) and Niagara Falls Urban (NFU).  Land cover 
information suggests 94% of the agricultural lands are located in LWR and the remainder 
in NFU.  In addition due to Statistics Canada confidentiality protocols, information for 
specific agricultural categories, having less than four farms per WSPA were also 
withheld.  In cases where a DA/EA crossed a WSPA or NPCA boundary, an 
area-weighted calculation was completed by Statistics Canada. 
 
In 1991 and 1996 ‘enumeration areas’ or EAs were used outside of major urban areas.  
These assessment boundaries were dwelling based and delineated during collection.  As a 
consequence, their boundaries changed between census periods, and affect temporal trend 
analysis.  In 2001 fixed ‘dissemination areas’ or DAs were assigned which provide a 
consistent boundary for analysis.  The change in boundaries is the expected explanation 
for some unusual trending using 1996 and 2001 data. 
 
For water budgeting purposes the most recent census, 2006, was used to represent most 
current conditions in NPCA. 
 
5.4.1.1 Livestock Water Use 
 
The de Loe method was used to calculate livestock watering as it does not require a 
PTTW.  Livestock watering was calculated based upon the 23 Statistics Canada 
categories as listed in Appendix G. 
 
The results varied per WSPA and are shown on Figure 5.6.  The greatest livestock 
watering demands were identified in the two largest WSPAs, UWR and TWEN, at 
between 308,266 and 473,968 m3/year over the four censuses.  The smallest WSPA 
livestock water demands were in the two smallest WSPAs, BDSC and LWR, at between 
4,489 and 16,596 m3/year.  Overall the trend between 1991 to 2006 was a decrease in the 
total amount of watering (Table 5.9). 

 
Table 5.9: NPSP Area Annual Livestock Watering  

Year 1991 1996 2001 2006 
(m3/year) 1,868,478 1,727,662 1,538, 824 1,656,155 
% decrease to 1991 - 8% 18% 11% 

 
The 2006 census de Loe results are tabulated (Table 5.10) as annual and monthly 
demands.  Annual results were divided by twelve (12) to provide average monthly 
demands per WSPA.  No consumptive, or seasonal demand factors have been applied as 
100% consumption has been assumed. 
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While it is unknown if these takings are from surface water or groundwater sources, it is 
recognized that the water may be supplied from groundwater wells, watercourses or 
cisterns filled by tanker truck or precipitation.  However, following other similar studies 
(AquaResource Inc., 2008a, 2008b), the takings will be evenly split between groundwater 
and surface water (Table 5.16).  
 
  Table 5.10: WSPA 2006 Livestock Watering Demands 

WSPA BDSC BFC CWR FEC FSEM GR 
Annual 
(m3/year) 

7,597 128,729 253,019 36,973 242,243 54,476 

Annual 
(mm) 

0.10 0.77 0.85 0.20 1.81 0.69 

Monthly 
(m3/month) 

633 10,727 21,085 3,081 20,187 4,540 

Monthly 
(mm) 

0.01 0.06 0.07 0.02 0.15 0.06 

WSPA LENS LIN LWR NOTL SNF TWEL 
Annual 
(m3/year) 

25,722 45,287 5,044 52,047 32,242 25,748 

Annual 
(mm) 

0.22 0.55 0.14 0.38 0.24 0.20 

Monthly 
(m3/month) 

2,143 3,774 420 4,337 2,687 2,146 

Monthly 
(mm) 

0.02 0.05 0.01 0.03 0.02 0.02 

WSPA TWEN UWR NFU SCU   
Annual 
(m3/year) 

376,087 370,620 322 0   

Annual 
(mm) 

1.24 0.78 0.01 0   

Monthly 
(m3/month) 

31,341 30,885 27 0   

Monthly 
(mm) 

0.10 0.06 0.001 0   

 
5.4.1.2 Crop Water Use 
 
De Loe methodology estimates of crop water use (irrigation and non-irrigation 
components) were calculated per WSPA.  The results are tabulated in Appendix G and 
shown on Figure 5.8.  The annual amount of crop water use varied per WSPA with an 
overall increasing trend between 1991 and 2006.  The greatest de Loe crop watering 
demands per WSPA were identified in NOTL, LIN and FSEM at 2.8, 1.7 and 
1.6 million m3/year, respectively in 2006. In the NPSP Area the majority of demand is 
primarily for greenhouse flowers (within the specialty crops category) followed closely 
by peaches (within the fruit crops category) (Figure 5.9).  The smallest WSPA 2006 crop 
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water demands were estimated for SNF and FEC, at 30,777 and 34,086 m3/year, 
respectively.  Crop water use results would be expected to include quantities already 
accounted for under the PTTW analysis.  This would include the eight (8) MOE 
agricultural PTTW categories (Section 5.3.3.1). 
 
Not all agricultural irrigational water use however is necessarily accounted for through 
the PTTW program.  Conversely, not all water permitted to be taken under the PTTW 
process is taken (i.e. there may be less water taken).  The theoretical annual demand of 
the eight (8) WSPAs with agricultural water use PTTWs are compared to the 2006 
enumeration area de Loe methodology agricultural water demands in Table 5.11.  
Consumptive factors were applied to the de Loe methodology crop water use demands.  
Consumptive factors ranged between 0.8 and 0.9 depending upon the predominant crop 
type, e.g. tender fruit 0.8 TWEL and sod farm 0.9 BFC.   
 
PTTW demands are higher than the de Loe results for: BFC, NOTL and TWEN.    
However de Loe results were higher than PTTW demands for CWR, FSEM, LIN, TWEL 
and UWR and the other six WSPAs without any agricultural PTTWs: BDSC, FEC, GR, 
LENS, LWR and SNF. 
 

Table 5.11: Annual Crop Water Use Comparison (m3) 
WSPA BDSC BFC CWR FEC FSEM GR LENS 
PTTW 0 1,553,958 363,078 0 677,327 0 0 
de Loe 125,378 291,945 464,402 30,677 1,477,934 269,719 95,330 
Difference 125,378 -1,262,013 101,324 30,677 800,607 269,719 95,330 

% +100% -81% +28% +100% +118% +100% +100% 
WSPA LIN LWR NOTL SNF TWEL TWEN UWR 
PTTW 627,988 0 7,328,882 0 577,197 1,447,155 305,379 
de Loe 1,497,268 131,575 2,387,836 27,699 637,416 613,733 523,838 
Difference 869,280 131,575 -4,941,046 27,699 60,219 -833,422 218,459 

% +138% +100% -67% +100% +10% -58% +72% 
Note: To allow for an equal comparison, results are presented here with the application of consumptive 
factors to both PTTW surface water and groundwater and de Loe demands. 
 
The de Loe results were used to account for agricultural water use demand where there 
were no agricultural water use PTTWs (Table 5.12, Figure 5.10).  For these six WSPAs 
and NFU the demand was evenly split between groundwater and surface water sources.  
Additional demand was identified through the de Loe methodology for five (5) WSPAs: 
CWR, FSEM, LIN, TWEL and UWR.  This additional demand was proportioned to 
sources at the ratio of the existing agricultural PTTWs (Table 5.8).  Although it should be 
noted that for LIN, existing agricultural PTTWs were less than 1% groundwater. In the 
cases where the de Loe results were less than the predicted PTTW demand (BFC, NOTL 
and TWEN), the PTTW results were kept as presented in Section 5.3.  For these three 
WSPAs, it is believed PTTW demand was greater than de Loe results primarily because 
of the Statistics Canada confidentiality suppression protocol, i.e. less than four farms per 
category.  For example in TWEN there is only one sod farm, which does have a PTTW 
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but Statistics Canada would not provide their number of hectares and consequently no de 
Loe demand could be calculate for that farm.  
 
The de Loe methodology results included both irrigation and non-irrigation crop water 
use (e.g. crop spraying, cooling, equipment washing, etc.).  The annual amounts of 
non-irrigation crop water use was allocated per month based upon a generalization to 
year-round crops (e.g. greenhouse flowers) or summer crops (e.g. peaches) evenly 
proportioned over 4 –months (May to August). 
 
A review of the calculated agricultural consumptive water demands (Table 5.12) with 
respect to groundwater and in-land surface water sources, not Great Lakes takings 
indicates monthly amounts were greatest were greatest in either July, August or both.  
Annual amounts were greatest:  
 for both groundwater and surface water at over a million m3/year for TWEN and 

FSEM; 
 for groundwater at over ½ a million m3/year for FSEM and TWEL; and 
 for surface water at over, or about, a million m3/year for TWEN and NOTL. 

5.4.2 Un-serviced Domestic Water Use 

Statistics Canada was contracted by NPCA to provide population amounts outside of 
municipally serviced areas per WSPA for the four (4) most recent surveys (1991, 1996, 
2001 and 2006).  The calculations were completed using Dissemination Block (DB) or 
Enumeration Area (EA) data, the highest resolution information available (Figure 5.5).  
In cases where a DB or EA crossed a WSPA or NPCA boundary, an area-weighted 
calculation was completed. 
 
To complete the analysis, Statistics Canada was provided an estimated boundary of 
serviced areas (Figure 5.1).  This boundary was created from information provided by 
Niagara Region and the City of Hamilton.  It is considered a best current guess, as 
inaccuracies have been determined, e.g. extensive water distribution system in NOTL and 
FEC outside of urban areas.  However, the municipal servicing extent has not changed 
greatly over the 1991-2006 time period and the 2006 census is being used as the most 
current information available.    
 
5.4.2.1 Population Amounts and Trends 
 
The population of NPCA has increased over the period 1991 to 2006, from 396,575 to 
453,484 people.  Not including St.Catharines Urban or Niagara Falls Urban, the largest 
WSPA populations have been consistently TWEL (92,377 in 2006) followed by CWR 
(62,288 in 2006), 21% and 14% of the NPCA population, respectively. 
 
Over time the ‘urban’ population on municipal water increased from 78% to 83% or 
308,197 (1991) to 375,665 (2006). The ‘rural’ population on private wells and cisterns 
decreased from 22 to 17% of the total population or 88,378 (1991) to 77,829 (2006).  
UWR has historically (1991-2006) had the largest non-municipally serviced population.  
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In 2006 for UWR this was 11,251 or 91% of the UWR population (Figure 5.11, Table 
5.13).  BFC is the only WSPA that is entirely not on municipal water mains, while 2006 
results indicate BDSC, TWEL, NFU and SCU are, or almost, entirely on municipal 
servicing.  On average 5,500 people per WSPA are not on municipal water service. 
 
  Table 5.13: 2006 Statistics Canada Population Distribution 

WSPA BDSC BFC CWR FEC FSEM GR LENS LIN 
Total 
Population 

27,194 3,950 62,288 26,898 8,521 14,091 22,979 27,440

‘Rural’ 
Serviced/% 

210 
1% 

3,950 
100% 

8,430 
14% 

5,722* 
21% 

5,200 
61% 

3,955 
28% 

5,106 
22% 

7,890 
29% 

WSPA LWR NOTL SNF TWEL TWEN UWR NFU SCU 
Total 
Population 

3,971 14,874 6,513 92,377 26,776 12,391 51,976 51,245

‘Rural’ 
Serviced/% 

819 
21% 

7,445* 
50% 

3,776 
58% 

3,169 
3% 

10,589 
40% 

11,251 
91% 

317 
0.6% 

0 
0% 

Note: * - Likely over-estimates due to local municipal distribution systems 
  
5.4.2.2 Private Well Groundwater Takings 
 
Private groundwater wells were estimated to provide water supplies to 77,829 people in 
2006 within NPCA.  Existing guidance recommends using between 175 L/day/person 
(MOE, 2001) to as much as 350 L/day/person (MOE, 2007).  However a rate of 
275 L/day/person was chosen based upon investigations in the Town of Lincoln (John 
Kukalis NPCA, personnel communication 2009).  Using these values the average NPSP 
Area annual groundwater withdrawal rate is 7,817,437 m3/year or 3.2 mm/year.   
 
To reflect seasonal factors in the calculation of monthly demand, the following modifiers 
are applied to the 275 L/day/person (GRCA, 2005). 
 
Table 5.14 Modifying Factor of Average Private Well Use 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Average 
Day 
Multiplier 

0.89 0.93 0.92 0.95 0.99 0.99 1.09 1.12 1.10 1.06 1.00 0.94 

 
The Ministry of Natural Resources has also required application of a consumptive factor 
of 0.2 to private well withdrawals similar to other studies they have reviewed. 
 
Annual and maximum monthly (i.e. August) private well demands are shown in 
Table 5.15 and Figure 5.12.  Values in mm were obtained by dividing withdrawal rates 
by drainage area.  The greatest private well demand per WSPA area is in LIN.  This is 
calculated as a private well groundwater taking demand of 1.9 mm/year or 0.2 mm/month 
in August. 
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Table 5.15: Private Water Well Demands (using a consumptive factor) 
WSPA BDSC BFC CWR FEC FSEM GR LENS LIN 
Annual 

(mm/year) 
0.1 0.5 0.6 0.6 0.8 1.0 0.9 1.9 

August  
(mm/month) 

0.01 0.05 0.05 0.06 0.07 0.10 0.08 0.18 

WSPA LWR NOTL SNF TWEL TWEN UWR NFU SCU 
Annual 

(mm/year) 
0.5 1.1 0.6 0.5 0.7 0.5 0.1 0 

August  
(mm/month) 

0.04 0.10 0.05 0.05 0.07 0.04 0.01 0 

 
The private well demand is approximated for UTWEL as 65% of the TWEL amount 
based upon its percentage of water wells in the MOE water well information system. 
 
The estimation of private well use at the Tier 1 level has a number of limitations, 
including: 
 Consumptive factor of 0.2 - sewage system discharges may not quickly return water 

to the supply aquifers and CF may therefore be too low for supply aquifers -  
 No cisterns - cisterns are very commonly used as private water supplies and filled by 

trucked-in municipal water and/or rain water 
 
Despite these limitations, the calculation exercise is according to the Tier 1 guidance and 
indicates where future refinement would have most affect. 

5.5 Water Demand Estimates 

The WSPA water demands are summarized on Table 5.16 and 5.17.   
 
Surface water demand includes three types of water use: 
1. PTTW takings from in-land water sources not related to agricultural use; 
2. Takings from in-land water sources to meet crop demands (includes agricultural 

PTTW where present); and 
3. Takings from in-land water sources to meet livestock demands. 
 
Additions to surface water systems from Great Lakes sources and groundwater 
dewatering will be included as additional supply amounts in the stress assessment.   
 
Groundwater demand considers four types of water use: 
1. PTTW takings from groundwater sources not related to agricultural use; 
2. Takings from groundwater sources to meet crop demands (includes agricultural 

PTTW where present); 
3. Takings groundwater sources to meet livestock demands; and 
4. Private well demands. 
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The largest in-land surface water demand per WSPA was TWEN at 2.4 million m3/year.  
The TWEN surface water demands were 34% non-agricultural PTTW, 58% crop 
demands and 8% livestock.  Crop demands were over 75% of the WSPA surface water 
demand totals for BFC, FSEM, GR, LIN and NOTL.  Non-agricultural PTTW surface 
water demands were over 70% of the WSPA surface water demand totals for BDSC, 
CWR, FEC, LENS, LWR, SNF and TWEL. 
 
The largest groundwater demand per WSPA was LENS at 5.1 million m3/year.  The 
LENS groundwater demands were 97% non-agricultural PTTW, 1% crop demand and 
2% private wells.  Crop demands were over 44% of the WSPA groundwater demand 
totals for BFC, CWR, FSEM, GR, LWR, TWEL and UWR.  WSPA non-agricultural 
PTTW demands were over 37% of the WSPA groundwater demand totals for BDSC, 
FEC, FSEM, LENS, NOTL, SNF and TWEN.  Private well demands were the greatest 
percentage demand only for LIN at 78%; this is because in LIN (i) there are no 
non-agricultural PTTW demands, and (ii) crops and livestock demands are limited.   
 
Private well demand as a percentage of total groundwater demand, for most WSPAs was 
between 20 and 32 % (BFC, CWR, GR, LWR, NOTL, SNF, TWEN and UWR).  These 
percentages are higher than in some other jurisdictions because there are no municipal 
demands for groundwater and many NPSP aquifers are poorly suited to high pumping 
rates.  WSPA exceptions to this range were mostly below 10% (BDSC, FEC, FSEM, 
LENS and TWEL).  

5.5.1 Future Water Demands 

Future water demand scenarios were completed using the same supply and demands as 
the current scenario.  This is because there is no municipal demand from in-land water 
supplies.  Therefore, an increase in the municipally serviced ‘urban’ population should 
not affect the conclusions of this report, i.e. the current and future water demand 
scenarios have the same results.  NPSP area municipal water supplies are drawn from 
Great Lakes sources and the proposed DRAFT growth plan (Niagara Region, 2009) calls 
for no change to the urban boundaries, i.e. in-fill of urban areas.   
 
In addition, Statistics Canada census information indicates that the non-municipally 
serviced population has been decreasing in the NPSP Area (Section 5.4.2), i.e. future 
lower private well takings.  While agricultural crop demands are increasing over time 
(Section 5.4.1) and this may continue.  However, the Technical Rules (MOE, 2009) do 
not recommend evaluation of non-water system stress level scenarios. 

5.6 Uncertainty 

The estimations of water demand include uncertainty.  Unknowns include: 

 The actual amount of water taken under the Permit to Take Water program; 

 The proportioning of crop water use to surface water and groundwater sources; 
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 Assignment of some ponds to surface water or groundwater sources; 

 The number of cisterns providing private water supplies; and 

 The amount of groundwater dewatering occurring at two crossings of the Welland 
Canal; the East Main Tunnel (Ministry of Transportation) and the Townline 
Tunnel (St.Lawrence Seaway Corporation). 
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6. WATER QUANTITY STRESS ASSESSMENT 
Under the requirements of Ontario’s Clean Water Act, Source Protection Regions must 
complete a Water Quantity Stress Assessment to evaluate the potential hydrologic stress 
within their watersheds as a result of water takings.  The objective of this exercise is to 
help water managers identify drinking water sources which may not be able to meet 
current demands.   
 
The goal of the Tier 1 Water Quantity Stress Assessment is to estimate a subwatershed’s 
cumulative hydrologic stress.  The Stress Assessment is completed both for groundwater 
and surface water systems but separately.  This screening assessment involves estimating 
the percentage of water supply that is demanded by water users.  This percentage is 
referred to as the % Water Demand.  Watersheds where the % Water Demand is 
determined to be above a benchmark threshold value are labeled as moderately or 
significantly stressed. 
 
The analysis presented in this section is a Tier 1 subwatershed stress assessment of 
current conditions but does not address future demands or drought scenarios.  It considers 
average annual estimates of key hydrologic parameters relating to both surface water and 
groundwater resources.  Surface water modelling results are based on average annual 
conditions from the 1990-2005 period and it is recognized that these results may vary 
significantly based on climate conditions.  The analysis does not account for changes in 
water storage that would occur from one time period to the next.  Actual pumping 
amounts have been obtained for a number of large water takers however the actual 
takings are largely unknown.  Due to the regional perspective of this analysis, local scale 
interpretation and/or models may provide differing results than those presented here. 

6.1 Stress Assessment Methodology 

Following the methodology in Guidance Module 7 (MOE, 2007), a subwatershed’s stress 
is estimated by comparing the amount of water consumed with the amount of available 
water.   This comparison is made by calculating “Percent Water Demand” as follows, 
with the terms defined in Table 6.1: 

QDEMAND 
% Water Demand = 

QSUPPLY- QRESERVE 
x 100% 
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Table 6.1 – Percent Water Demand Components 
Term Definition Calculation 

QDEMAND Consumptive 
Demand 

Average annual or monthly consumptive demand calculated as the estimated rate 
of locally consumptive takings.  Water demands are grouped into surface and 
groundwater takings. 

Estimates of consumptive demand were made from PTTW analysis, agricultural 
water use coefficients and private well usage. 

QSUPPLY Water 
Supply 

For surface water, the supply was calculated as the monthly median outflow for 
the area to be assessed.  

Groundwater supply was calculated as the estimated annual recharge rate plus the 
estimated groundwater inflow into a subwatershed.  

QRESERVE Water 
Reserve 

Water Reserve is a specified amount of water that is not considered as part of the 
available water supply.    

For surface water supplies, water reserve is estimated using the 90th percentile 
monthly outflow, at a minimum.  The 90th percentile flow is defined as the flow 
that is equaled or exceeded 90% of the time. 

Groundwater reserve is calculated as 10% of the total estimated groundwater 
discharge within a subwatershed. 

 

Baseflow is considered in both the surface water supply (baseflow within the outflow 
hydrograph) and groundwater supply (discharge, which sustains baseflow) terms of the 
Water Quantity Stress Assessment.  While this may seem to “double count” baseflow, 
one should keep in mind the original purpose of the Stress Assessment, which is only to 
identify areas that have a high proportion of consumptive water taking, in comparison to 
the water flowing through the system.  Identified areas, particularly at the Tier 1 scale, 
may not be experiencing hydrologic or ecologic stress, but rather are identified as 
requiring additional study to better understand the impacts of the cumulative water use.  
The Stress Assessment methodology should not be utilized as a design/allocation tool, in 
an attempt to determine the total amount of water available to be withdrawn within a 
subwatershed, as double counting of the baseflow term would then be a consideration. 

For surface water systems, the Percent Water Demand equation is based on an average 
monthly basis.  The maximum percent water demand for all months is then used to 
estimate the Potential for Surface Water Stress as shown on Table 6.2. 

Table 6.2– Potential for Surface Water Stress Thresholds 
Surface Water Potential Stress Level Assignment Maximum Monthly % Water Demand 

Significant > 50% 
Moderate 20% - 50% 

Low <20 % 
 
For groundwater systems, the stress assessment calculation is based on average annual 
demand conditions or the monthly maximum demand conditions.  The stress level for 
groundwater systems is calculated according to the thresholds shown on Table 6.3. 
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Table 6.3 – Potential for Groundwater Stress Thresholds 
Groundwater Potential Stress Level Assignment Average Annual Monthly Maximum 

Significant > 25% > 50% 
Moderate > 10% > 25% 

Low 0 – 10% 0 – 25% 
 
The rationale of such an identification process is that subwatersheds with a Significant or 
Moderate potential for stress have a higher probability of experiencing water quantity 
related impacts due to water takings, and therefore require additional study.  
Subwatersheds classified as having a low potential for stress are not significantly affected 
by water takings under the current water taking regimes. 
 
Being classified as potentially stressed does not necessarily imply that a subwatershed is 
under hydrologic or ecologic stress (and similarly the converse).  This classification 
indicates where the percent water demand is greater than selected thresholds, and that 
additional information is required to understand the cumulative impacts of water 
withdrawals.  This identification should only be used to recommend the need for 
additional study, and should not be used by itself to make water resources management 
decisions. 

6.2 Surface Water Stress Assessment 

The monthly QSUPPLY (Median Flows) and QRESERVE (90th percentile flows) were 
calculated using HEC-HMS predicted streamflow at the outfalls of each subwatershed for 
the period 1991-2005 (Section 3.4.2).  Several subwatersheds were not completely 
modeled by HEC-HMS due to very small areas directly draining to Lake Erie, Lake 
Ontario or the Niagara River, and had their median and 90th percentile flows pro-rated, by 
area, to reflect the non-simulated area.   
 
Section 5 summarized the procedure followed to estimate the consumptive surface water 
demand for each subwatershed.  Surface water demands were potentially a combination 
of PTTW, non-permitted crop and livestock demands and are shown for August on 
Figure 6.1.  August monthly demands were the largest.  Section 5.3.3 also described a 
number of additions to surface water systems from Great Lakes sources. 
 
The percent water demand and associated stress level classifications are shown per 
WSPA on Table 6.4 and Figure 6.2.  

6.2.1 Discussion 

Generally WSPAs were classified at moderate or significant surface water stress levels 
(Table 6.5). Moderate classifications were assigned to CWR, FEC, LENS, LWR, SNF 
and UWR.  Significant classifications were assigned to BDSC, BFC, FSEM, GR, LIN, 
NOTL and TWEN.  These were generally for at least the months of August and/or 
September.  The monthly extent of potentially stressed conditions ranged from six 
(BDSC) to one month (CWR), but was on average three months.  Exceptions to this were 
TWEL, UTWEL, NFU and SCU which were classified as low stress and had monthly 
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percent water demands below 2%.  None of the WSPAs contain in-land municipal water 
supplies. 
 
Table 6.5–Surface Water Stress Levels 

Surface Water Stress Level Assignment Subwatershed 
Significant BDSC, BFC, FSEM, GR, LIN, NOTL, TWEN 
Moderate CWR, FEC, LENS, LWR, SNF, UWR 

Low TWEL, UTWEL, NFU, SCU 
 
Highest monthly water demands were above 100% for five (5) WPSAs in August: BDSC, 
FSEM, GR, LIN and TWEN.  Percent water demands calculated over 100% are possible 
because takings may be from storage which were filled earlier in the year.  The detailed 
takings and hydrologic system information that would be needed to account for these 
water transfers are beyond the scope of the Tier 1 Water Budget.     
 
When considering the moderate surface water stress level classifications for LWR and 
SNF it should be noted that the extremely high 90th percentile reserves, as a proportion of 
the total supply, drive the high percentage demand and stress classifications (i.e. there are 
not necessarily high absolute demands but rather low relative net supplies when the 
conservative reserves used in the prescribed approach are considered).  It is noted that the 
prescribed percentage demand equation does not lend itself to systems with low 
variability in monthly supply, and erroneously reports ‘high demand” in systems with a 
high, stable base supply.  
 
A number of months could potentially be considered for elevation from low to moderate 
based upon Assessment Report Technical Rule 32 (2) (c) (i).  These include CWR 
(August), FEC (July), FSEM (October) and GR (October) at monthly stress levels of 
between 18 and 19%.  However a change in these monthly classifications would not 
change the individual stress level classifications.  And therefore do not require additional 
consideration. 
 
Other potential uncertainties to the surface water stress level classifications include: (i) 
low actual takings in comparison the theoretical amounts derived for PTTWs and (ii) 
uncertain assignment to surface water of some non-permitted agricultural takings. 

6.3 Groundwater Stress Assessment 

The hydrogeological parameters required to support the groundwater stress assessment 
include groundwater recharge (Section 3.4.3), groundwater flow-in (Section 4.3.2), 
groundwater reserve, and annual and maximum monthly demand (Section 5.5).  The 
groundwater supply (recharge and groundwater flow-in), groundwater reserve and 
demands are tabulated on Table 6.6.  The groundwater reserve component was calculated 
as 10% of the estimated groundwater supply, is expressed.   
 
Section 5 summarized the procedure followed to estimate the consumptive groundwater 
demand for each subwatershed.  Groundwater demands were a combination of PTTW, 
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non-permitted crop and livestock demands and private wells.  The annual and August 
demands per WSPA are shown on Figures 6.3 and 6.4.  August was generally the month 
with the highest calculated demands.  Exceptions to this included BDSC (May) and 
LENS (April) which both included actual pumping values for quarry and dewatering 
operations. 
 
The percent water demand and associated stress level classifications are shown per 
WSPA on Table 6.6. 

6.3.1 Discussion 

WSPA maximum monthly percent water demand varied from 2 to 81%.  The annual 
percent water demand for WSPAs varied from 2 to 57%.  Most WSPAs were assigned 
low groundwater stress levels given the Section 6.1 threshold criteria.  Three (3) WSPAs 
were assigned significant or moderate groundwater stress levels: 
 LENS - Significant monthly (81%) and annual (57%), i.e. based on both criteria;  
 FEC - Moderate annual (13%) based on the annual criterion only; and 
 FSEM - Moderate annual (11%), i.e. based on the annual criterion only. 
None of the WSPAs contain municipal water supplies. 
 
Table 6.7 – Groundwater Stress Levels 

Groundwater Stress Level Assignment Subwatershed 
Significant LENS 
Moderate FEC, FSEM 

Low BDSC, BFC, CWR, GR, LIN, LWR, NOTL, SNF, 
TWEL, UTWEL, TWEN, UWR, NFU, SCU 

 
The highest water demand component for LENS was for aggregate operations (76%).  
Actual takings pumpage information was provided for one of the quarries but was 
considered fully consumptive as dewatering discharge is directed off-site to a surface 
water course.  The proportion of water captured by the quarry sump that is from deep 
groundwater sources or Lake Erie is not known however.   
 
The moderate stress level assignments for FEC and FSEM generally do not include actual 
PTTW takings.  If actual takings amounts compared to permitted taking amounts were 
included these two (2) may be below the moderate criteria.   
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7. CONCLUSIONS 

7.1 Monitoring 

Monitoring of climate and streamflow is critical to validating Water Budget results.  
Since the mid-1990s, there has been a significant reduction in climate stations, 
throughout Southern Ontario.  This reduction in climate stations has compromised the 
ability to accurately characterize climate variability, both spatially and temporally 
(AquaResource Inc., 2008).  To better characterize climate variability, and increase 
certainty of future Water Budget calculations, it is recommended that (i) the climate 
station network be increased with Environment Canada standard stations and/or (ii) Next-
Generation Radar (NEXRAD) information be utilized if reliable year-round. 
  
Similarily, a lack of streamgauges is limiting the ability to characterize subwatersheds 
and validate the results.  As with climate stations, the operation of additional 
streamgauges to the Water Survey of Canada standard, would greatly increase the 
reliability of modeled results.  The most straight-forward improved characterization 
would be re-modelling TWEL and NOTL following a re-analysis of the available surface 
water data which now spans three years compared to the 1½ years used in this work.   

7.2 Water Budget Supply 

To have confidence in the Water Budget parameters, one must have confidence that the 
models reasonably reflect physical conditions.  The HEC-HMS surface water models and 
ArcGIS Darcy Flow tool provided an effective framework from which to assess the 
subwatershed’s water budget parameters from a surface water and groundwater 
perspective.  On a regional basis, the predicted hydrologic response for various 
hydrologic units and subwatersheds is consistent with expectations and field 
observations. 
 
Precipitation, evapotranspiration, runoff, recharge and inter-basin groundwater flow was 
quantified for 14 subwatersheds.  The water budget methodology employed is consistent 
with, or exceeds, the direction of the province’s source water protection framework for 
Tier 1 water budgeting. 
 
The physical GIS datasets used to build the HEC-HMS surface water models through 
HECGeo-HMS were at a more than sufficient level of detail.  Calibration exercises were 
successfully carried out where surface water gauges were available.  The results of this 
exercise indicate that the surface water models are effective tools for understanding major 
hydrologic processes at a subwatershed scale.  Future model improvements, e.g. smaller 
catchments, will however require additional surface water gauges and meterological 
information at sufficient density and frequency, respectively.  Improvement in soil 
moisture accounting and the refinement of groundwater recharge estimates are another 
possibility but will require additional understanding of the hydrogeologic regimes. 
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Groundwater flow into subwatersheds was adequately assessed using ArcGIS analytical 
tools.  However prior to considering numerical groundwater flow models for future 
calculations of available groundwater flows, hydrogeologic subwatershed 
characterizations will need to be completed.  These are quite limited in the NPSP Area 
and should be completed at a subwatershed scale using golden spike or detailed 
site-specific information to support any future water budgeting updates. 
 
The surface and groundwater modelling results are consistent with the understanding of 
the key hydrologic and hydrogeologic processes at the subwatershed scale.  These models 
provided the quantitative calculation capability to perform the Tier 1 subwatershed water 
budget calculations. 
 
The modelling tools used for this study have been developed from regional datasets and 
calibrated to observations at the subwatershed scale and correspondingly the focus of the 
calibration was on large-scale features.  Consequently, the models may not be 
equivalently valid at smaller scales where local features and processes have not been 
equally well represented. 

7.3 Water Demand 

Statistics Canada information was able to reliably suggest agricultural water use 
generally exceeds that suggested by Permit to Take Water information with some 
exceptions (i.e. BFC, NOTL and TWEN).  This is because Statistics Canada 
confidentiality rules did not allow the inclusion of all farm information for these WSPAs.  
Statistics Canada information also did not define the specific water source, e.g. 
groundwater or surface water.  Statistics Canada population information was however an 
excellent basis for determining the potential population on private well supplies, although 
due to the amount of cistern use these values are conservative.   
 
The non-availability of the reported takings for existing permits, as required to be 
submitted to the MOE, was a limitation to the accuracy of this study.  Actual pumping 
amounts were however gathered from a very limited number of takers near the 
conclusion of this study as discussed in Section 5.3.1. Also due to the need to 
characterize takings as from groundwater or surface water, and the large number of 
permitted dug ponds, additional information should be gathered in future from MOE 
approvals files for these sources.  Assignment of consumptive factors to groundwater use 
will require additional subwatershed hydrogeologic characterization to indicate if non-
consumptive takings return readily to aquifers. 
 
While still imperfect, the current estimates of water use are sufficient to quantify the 
potential for stress from water takings on a subwatershed level.  Once reported takings 
are available from the MOE, a re-assessment of the stress level with respect to the water 
use would be a valuable exercise to improve this uncertain component of the demand 
calculations. 
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7.4 Stress Assessment 

Following the Source Protection Water Budget Framework (MOE, 2007), each of the 
fourteen (14) subwatersheds and two urban areas within the NPSP Area have been 
assessed for their potential to experience water quantity related stress.  The stress 
assessment was completed considering average conditions or Scenario A (Technical Rule 
32, MOE 2009),  Scenario B, future demand, was also considered and the results are the 
same because the Great Lakes (Erie and Ontario) supply the NPSP Area municipal water 
treatment plants. 
 
The assessment has indicated a similar degree of potential surface water stress to that 
which was previously indicated by the province (MOE, 2005), which for the purposes of 
PTTW approvals has classified the NPSP Area as a high use watershed. All watershed 
planning areas are classified as potentitally significant or moderate surface water stress 
except Twelve Mile Creek and Upper Twelve which were classified as low surface water 
stress.   
 
The assessment has also indicated a similar amount of groundwater stress to that of the 
NPCA Groundwater Study (Section 5.1.1).  The groundwater study had indicated 
significant stress levels for Lake Erie (28%) and Lake Ontario (34%) watersheds.  Lake 
Erie North Shore is classified at a potentially significant stress level and Fifteen, Sixteen 
and Eighteen Mile Creek and Fort Erie Creeks at moderate stress levels.   

7.5 Uncertainty Considerations 

All water budget calculations contain inherent uncertainty due to incomplete data, data 
inaccuracies, and imperfect estimation and simulation tools.  Many of the sources of 
uncertainty are documented through this report.  It is believed the largest sources of 
uncertainty are the actual takings for PTTWs compared to their permitted takings and the 
assignment of agricultural takings to a specific source, i.e. surface water or groundwater. 

7.6 Recommendations 

It is recommended that this study be further improved in the future.  The improvement 
could be to include actual takings in the demand calculations for large permitted takers in 
significant or moderately stressed watersheds that could affect the stress level 
designation.  These could be requested through the MOE Liaison Officer.  Values from 
2007 and 2008 would be particularly valuable representing years of low and high water 
availability, respectively.  However this exercise would exceed the Tier 1 requirements 
(MOE, 2007). 
 
It is also recommended that the NPCA use the tools developed as part of the Tier 1 Water 
Budget for on-going implementation of the Provincial Policy Statement, particularly 
protection of sensitive and significant hydrologic features and its Memorandum of 
Understanding with the Regional Municipality of Niagara.  This should require: 
 Development of subwatershed scale hydrogeologic characterizations; 
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 Public roll-out of water availability study components in support of development 
applications, e.g. water quality impact assessments; 

 Re-analysis (i.e. baseflow separation and streamflow recession) of Water Survey of 
Canada data for Four Mile Creek and Power Glen gauges with the 3-year (or more) 
surface water gauge dataset, particularly 2008 during which the NOTL irrigation 
system was largely inactive.  These analysis results should then be compared to Water 
Availability Study HEC-HMS model input parameters and an evaluation completed 
of the need to update the HEC-HMS models. 
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TABLE 2.1
MEAN ANNUAL CLIMATE STATION VALUES
NIAGARA PENINSULA TIER 1 WATER BUDGET AND WATER QUANTITY STRESS ASSESSMENT

MSC ID NAME AVERAGE ANNUAL (1991-2005)
PRECIPITATION 

(mm)
SNOW WATER 

EQUIVALENT (mm)
TEMPERATURE (oC)

6132148 DUNNVILLE PUMPING STN 948 91.1 8.6
6132470 FORT ERIE 1053 193 8.7
6133055 GRIMSBY MOUNTAIN 923 184 9.3
6133120 HAGERSVILLE 947 102 8.4
6153194 HAMILTON A 898 160 8.0
6153298 HAMILTON PSYCH HOSPITAL 850 108 8.8
6153290 HAMILTON MUNICIPAL LAB 793 101 9.5
6135657 NIAGARA FALLS NPCSH 948 160 9.4
6155097 MIDDLEPORT TS 896 110 8.5
6135FF4 NIAGARA ON THE LAKE 838 110 9.3
6136606 PORT COLBORNE 971 147 9.3
6136626 PORT DALHOUSIE 895 140 9.5
6137161 RIDGEVILLE 918 117 9.1
6137287 ST CATHARINES A 897 145 9.3
6139141 VINELAND 875 137 9.5
6139143 VINELAND RITTENHOUSE 850 115 9.4
6137306 ST CATHARINES POWER GLEN 890 135 9.2
6139445 WELLAND 969 148 9.0
6139148 VINELAND STATION RCS 840 146 9.1
6131165 CANBORO 894 120 8.4

Table Notes:
MSC - Meteorological Survey of Canada



TABLE 2.2
CLIMATE SUMMARY (1991-2005)
TIER 1 WATER BUDGET AND WATER QUANTITY STRESS ASSESSMENT

BDSC BFC CWR FEC FSEM LENS GR/LIN NOTL SNF/LWR TWEL TWEN UWR
High and Low - Average Monthly Precipitation (mm and month)

96 (Sep) 102 (Sep) 110(Sep) 89(Sep) 110(Sep) 97 (Jan) 91(Sep) 110(Sep) 89 (Sep) 87 (Jul) 91 (Nov)
44 (Feb) 47 (Feb) 49(Feb) 44(Feb) 49(Feb) 47 (Feb) 44 (Feb) 44 (Feb) 44 (Feb) 50 (Feb) 53 (Feb)

High and Low - Average Annual Precipitation (mm and year)
1296(1996) 1226(1996) 1380(1996) 1133(1996) 1380(1996) 1134(1996) 1296(1996) 1380(1996) 1191(1996) 1163(1996) 1161(1996)
676(1991) 593(1998) 769(1999) 710(1998) 662(1998) 686(1998) 612(1998) 676(1991) 676(1998) 668(1998) 593(1998)

High and Low - Annual Snow Water Equivalent (mm and year)
235(2005) 235(2005) 292(1995) 213(2005) 292(1995) 230(1994) 200(1994/2005) 292(1995) 215(2005) 264(1994) 264(1994)
69(1998) 62(1998) 62(1998) 68(1998) 48(2001) 80(1998) 65(1998) 69(1998) 78(1998) 72(1998) 62(2001)

Average Precipitation as Snow (mm and %)
143 (16%) 133 (14%) 170(17%) 135(15%) 144(15%) 146(17%) 127(15%) 159(16%) 130(14%) 148(17%) 140 (16%)

High and Low - Mean Annual Temperature (oC and year)
11.0(1998) 11.0(1998) 10.8(1998) 11.0(1998) 10.6(1998) 11.1(1998) 11.1(1998) 10.7(1998) 10.9(1998) 10.6(1998) 10.6(1998)
7.25(1997) 7.1(1993) 7.5(1996) 8.1(1992) 7.7(1996) 8.0(1992) 8.1(1992) 8.0(1997) 7.9(1992) 7.5(1992) 7.1(1993)

Meteorological Survey of Canada Sations
St.CatharinesA Canboro Canboro Fort Erie Port Dalhousie Fort Erie Vineland St.CatharinesA Welland Ridgeville HamiltonA HamiltonA

Power Glen Ridgeville Ridgeville Port Colborne Power Glen Dunnville Grimsby Mtn NOTL Fort Erie Power Glen Vineland Canboro
Welland Welland Welland Ridgeville Port Colborne Vineland RCS NiagaraFalls Port Dalhousie

Port Colborne Port Colborne Vineland St.Catharines
Vineland RCS Power Glen

Vineland 
Rittenhouse



     TABLE 2.8
     LAND COVER
     TIER 1 WATER BUDGET AND STRESS ASSESSMENT

Page 1 of 1

Annual 
Crop

Mixed 
Agriculture

Mixed 
Crop

Monoculture Orchards Perennial 
Crop

Plantations Vineyards Coniferous 
Forest

Deciduous 
Forest

Forest Hedge 
Rows

Mixed 
Forest

Built Up 
Pervious

Idle 
Land

Rural 
Land Use

Marsh Swamp Bog Open Water Built Up 
Impervious

Extraction Transport
ation

UPPER WELLAND RIVER
% of UWR 2.6% 8.3% 10.6% 17.4% 0.0% 2.2% 0.5% 0.0% 0.0% 9.1% 0.9% 0.6% 0.1% 0.8% 2.1% 31.9% 1.1% 7.6% 0.5% 1.0% 0.1% 2.5%

Area/Land Cover (km2) 12.4 39.7 50.7 83.2 0.0 10.4 2.5 0.0 0.1 43.7 4.4 3.1 0.6 4.0 10.2 152.4 5.2 36.1 2.5 4.7 0.3 12.0
TWENTY MILE CREEK

% of TWEN 10.7 5.6 18.4 13.3 0.7 2.5 0.4 1.4 0.1 5.2 0.7 0.9 0.3 2.0 3.7 18.8 1.4 6.1 0.6 3.4 0.5 3.3

Area/Land Cover (km2) 32.7 17.2 56.2 40.7 2.1 7.6 1.2 4.2 0.4 16.0 2.3 2.8 1.1 6.0 11.3 57.7 4.2 18.7 1.8 10.4 1.6 10.1
TWELVE MILE CREEK

% of TWEL model 3.0% 0.2% 16.6% 1.5% 1.0% 1.7% 0.5% 5.2% 1.4% 9.3% 1.0% 1.7% 3.4% 4.7% 10.8% 2.0% 0.6% 2.5% 3.4% 19.1% 0.3% 10.3%

Area/Land Cover (km2) 4.0 0.3 21.8 1.9 1.3 2.3 0.6 6.8 1.8 12.3 1.3 2.2 4.5 6.1 14.2 2.6 0.7 3.3 4.4 25.2 0.3 13.5
SOUTH NIAGARA FALLS

% of SNF model 0.0% 8.1% 29.9% 0.3% 0.8% 0.0% 10.1% 1.3% 0.8% 0.1% 4.0% 1.0% 22.2% 1.1% 14.8% 0.3% 0.9% 4.1%

Area/Land Cover (km2) 0.0 10.6 39.2 0.4 1.1 0.1 13.2 1.7 1.1 0.1 5.2 1.3 29.1 1.4 19.4 0.4 1.2 5.4
LOWER WELLAND RIVER

% of LWR model 3.7% 29.4% 0.2% 0.4% 5.9% 1.4% 0.6% 0.0% 6.8% 0.5% 13.8% 2.0% 16.3% 4.4% 9.4% 5.3%

Area/Land Cover (km2) 1.3 10.4 0.1 0.2 2.1 0.5 0.2 0.0 2.4 0.2 4.9 0.7 5.7 1.5 3.3 1.9
NIAGARA-ON-THE-LAKE

% of NOTL model 6.5% 0.1% 12.5% 0.1% 14.7% 4.0% 0.3% 24.2% 0.2% 5.4% 0.7% 0.2% 0.7% 2.3% 8.5% 0.1% 0.3% 2.1% 0.4% 9.9% 0.8% 6.0%

Area/Land Cover (km2) 8.1 0.1 15.5 0.2 18.2 5.0 0.4 30.0 0.3 6.7 0.8 0.2 0.9 2.8 10.5 0.1 0.4 2.6 0.5 12.3 1.0 7.4
LAKE ERIE NORTH SHORE

% of LENS model 0.8% 11.1% 23.4% 0.1% 0.4% 0.0% 5.9% 1.2% 0.6% 0.1% 3.6% 0.5% 21.7% 0.9% 15.5% 0.6% 6.2% 2.4% 5.0%

Area/Land Cover (km2) 0.7 10.3 21.8 0.1 0.3 0.0 5.4 1.1 0.5 0.1 3.3 0.5 20.1 0.8 14.4 0.6 5.8 2.3 4.6
GRIMSBY

% of GR model 8.4% 1.3% 29.7% 5.8% 2.2% 4.4% 0.0% 6.0% 0.1% 5.4% 0.5% 0.4% 0.1% 1.3% 9.4% 7.5% 0.6% 6.9% 0.2% 5.3% 0.0% 4.3%

Area/Land Cover (km2) 6.1 1.0 21.6 4.2 1.6 3.2 0.0 4.4 0.1 4.0 0.3 0.3 0.1 1.0 6.9 5.5 0.4 5.0 0.1 3.9 0.0 3.1
LINCOLN

% of LINC model 3.4% 12.5% 16.2% 0.5% 0.3% 17.9% 0.2% 11.0% 0.5% 0.2% 0.1% 1.1% 12.5% 0.1% 3.2% 0.1% 12.7% 0.0% 7.5%

Area/Land Cover (km2) 2.5 9.1 11.7 0.4 0.2 13.0 0.2 8.0 0.3 0.1 0.0 0.8 9.1 0.1 2.4 0.1 9.2 0.0 5.4
FIFTEEN, SIXTEEN AND EIGHTEEN MILE CREEKS

% of FSEM model 4.6% 3.3% 18.5% 6.9% 6.7% 0.9% 0.3% 8.4% 0.6% 7.0% 0.9% 0.3% 1.5% 1.8% 6.6% 16.1% 0.8% 6.6% 0.7% 3.0% 0.4% 4.0%

Area/Land Cover (km2) 5.9 4.1 23.4 8.8 8.5 1.2 0.4 10.7 0.7 8.8 1.2 0.4 1.9 2.3 8.3 20.3 1.0 8.3 0.9 3.9 0.5 5.1
FORT ERIE CREEKS

% of FEC model 1.2% 8.0% 22.4% 0.8% 0.7% 0.0% 7.0% 1.5% 0.8% 0.0% 3.5% 1.0% 21.6% 2.0% 16.3% 0.1% 7.2% 0.4% 5.3%

Area/Land Cover (km2) 2.1 13.6 37.9 1.3 1.1 0.0 11.9 2.5 1.3 0.0 5.9 1.7 36.5 3.4 27.6 0.2 12.2 0.7 9.0
BIG FORKS CREEK

% of BFC 0.5% 7.5% 36.5% 0.0% 0.4% 0.0% 4.2% 1.3% 0.3% 0.0% 0.3% 0.0% 30.5% 0.6% 11.1% 0.1% 0.4% 3.0% 3.2%

Area/Land Cover (km2) 0.8 12.6 60.8 0.0 0.7 0.0 7.1 2.1 0.5 0.0 0.5 0.0 50.8 0.9 18.5 0.1 0.7 5.0 5.3
BEAVERDAMS AND SHRINERS CREEK

% of BDSC 2.3% 4.1% 3.4% 17.8% 0.8% 0.2% 0.2% 0.3% 0.3% 5.8% 0.8% 0.4% 0.2% 7.6% 6.4% 14.1% 0.8% 5.0% 6.4% 14.1% 1.7% 7.3%

Area/Land Cover (km2) 1.8 3.1 2.6 13.5 0.6 0.1 0.2 0.2 0.2 4.4 0.6 0.3 0.1 5.7 4.9 10.7 0.6 3.8 4.9 10.7 1.3 5.5
CENTRAL WELLAND RIVER

% of CWR 0.2% 7.9% 1.0% 23.7% 0.4% 0.1% 0.6% 0.0% 0.1% 6.1% 1.2% 0.5% 0.2% 3.3% 1.1% 25.2% 1.1% 9.3% 2.5% 2.1% 8.0% 0.0% 5.3%

Area/Land Cover (km2) 0.7 24.1 3.0 72.3 1.1 0.3 1.9 0.1 0.3 18.7 3.6 1.6 0.6 10.0 3.3 76.6 3.5 28.4 7.5 6.3 24.2 0.1 16.1



TABLE 3.8
SURFACE WATER SUPPLY AND RESERVE
TIER 1 WATER BUDGET AND WATER QUANTITY STRESS ASSESSMENT

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

(m3/s)
Supply 0.25 0.35 0.73 0.46 0.19 0.07 0.04 0.03 0.03 0.06 0.24 0.27

Reserve 0.08 0.11 0.15 0.1 0.03 0 0 0 0 0 0.01 0.05
Difference 0.17 0.24 0.58 0.36 0.16 0.07 0.04 0.03 0.03 0.06 0.23 0.22

Supply 0.72 0.94 1.68 1.01 0.35 0.12 0.06 0.04 0.02 0.05 0.31 0.83
Reserve 0.25 0.34 0.52 0.33 0.12 0.04 0.01 0 0 0 0.01 0.11

Difference 0.47 0.60 1.16 0.68 0.23 0.08 0.05 0.04 0.02 0.05 0.30 0.72
Supply 4.26 5.52 11.16 8.41 2.48 0.93 0.52 0.43 0.26 0.59 2.00 4.65

Reserve 0.90 1.86 3.35 2.36 0.75 0.21 0.14 0.08 0.05 0.06 0.17 0.43
Difference 3.36 3.66 7.81 6.05 1.73 0.72 0.38 0.35 0.21 0.53 1.83 4.22

Supply 0.94 1.3 2.58 1.17 0.46 0.21 0.13 0.07 0.1 0.23 0.98 1.45
Reserve 0.38 0.41 0.71 0.35 0.08 0.01 0 0 0 0 0.11 0.50

Difference 0.56 0.89 1.87 0.82 0.38 0.20 0.13 0.07 0.10 0.23 0.87 0.95
Supply 0.76 0.792 1.389 1.348 0.51 0.188 0.067 0.034 0.041 0.065 0.254 0.565

Reserve 0.105 0.244 0.424 0.352 0.119 0.011 0.002 0 0 0 0.001 0.064
Difference 0.66 0.55 0.97 1.00 0.39 0.18 0.07 0.03 0.04 0.07 0.25 0.50

Supply 0.493 0.585 0.841 0.598 0.166 0.065 0.015 0.004 0.006 0.025 0.159 0.339
Reserve 0.065 0.208 0.281 0.161 0.036 0.003 0 0 0 0 0.005 0.032

Difference 0.43 0.38 0.56 0.44 0.13 0.06 0.02 0.00 0.01 0.03 0.15 0.31
Supply 0.69 0.87 1.35 0.71 0.26 0.09 0.04 0.04 0.03 0.11 0.56 0.82

Reserve 0.27 0.28 0.43 0.21 0.05 0.01 0 0 0 0 0.05 0.22
Difference 0.42 0.59 0.92 0.50 0.21 0.08 0.04 0.04 0.03 0.11 0.51 0.60

Supply 0.614 0.772 1.127 0.897 0.269 0.128 0.028 0.011 0.018 0.051 0.278 0.476
Reserve 0.146 0.239 0.371 0.232 0.061 0.005 0.001 0 0 0 0.008 0.097

Difference 0.47 0.53 0.76 0.67 0.21 0.12 0.03 0.01 0.02 0.05 0.27 0.38
Supply 23.78 24.96 30.92 28.34 21.8 20.28 19.83 19.67 19.56 19.83 21.27 23.9

Reserve 20.11 21.16 22.61 21.78 20.09 19.5 19.43 19.37 19.33 19.35 19.46 19.61
Difference 3.67 3.80 8.31 6.56 1.71 0.78 0.40 0.30 0.23 0.48 1.81 4.29

Supply 0.631 0.777 1.477 1.047 0.431 0.191 0.092 0.026 0.042 0.094 0.416 0.617
Reserve 0.164 0.259 0.446 0.372 0.141 0.028 0.008 0.001 0 0 0.003 0.10

Difference 0.47 0.52 1.03 0.68 0.29 0.16 0.08 0.03 0.04 0.09 0.41 0.52

WSPA Name Term

Beaverdams and 
Shriners Creeks

BDSC

BFC Big Forks Creek

CWR Central Welland River

FEC Fort Erie Creeks

FSEM
Fifteen, Sixteen, 
Eighteen Mile Creeks

GR Grimsby

LENS Lake Erie North Shore

LIN Lincoln

LWR Lower Welland River

NOTL Niagara-on-the-Lake
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TABLE 3.8
SURFACE WATER SUPPLY AND RESERVE
TIER 1 WATER BUDGET AND WATER QUANTITY STRESS ASSESSMENT

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

(m3/s)
Supply 0.73 0.91 1.64 1.04 0.57 0.39 0.34 0.32 0.32 0.34 0.61 0.82

Reserve 0.34 0.41 0.47 0.50 0.34 0.30 0.29 0.29 0.29 0.29 0.30 0.24
Difference 0.39 0.50 1.17 0.54 0.23 0.09 0.05 0.03 0.03 0.05 0.31 0.58

Supply 214 206 240 245 237 237 236 232 234 228 205 225
Reserve 163 164 195 182 218 179 219 126 125 125 163 146

Difference 51 42 45 63 19 58 17 106 109 103 42 79
Supply 0.359 0.411 0.585 0.637 0.472 0.312 0.221 0.165 0.138 0.122 0.167 0.268

Reserve 0.108 0.16 0.327 0.338 0.244 0.187 0.151 0.12 0.109 0.1 0.098 0.099
Difference 0.25 0.25 0.26 0.30 0.23 0.13 0.07 0.05 0.03 0.02 0.07 0.17

Supply 1.87 2.17 4.15 1.28 0.47 0.24 0.14 0.11 0.07 0.17 0.61 1.67
Reserve 0.35 0.57 0.77 0.38 0.09 0.01 0 0 0 0 0.03 0.15

Difference 1.52 1.60 3.38 0.90 0.38 0.23 0.14 0.11 0.07 0.17 0.58 1.52
Supply 1.97 2.58 5.55 4.43 1.11 0.30 0.21 0.17 0.11 0.18 0.50 1.82

Reserve 0.08 0.76 1.56 1.28 0.35 0.16 0.1 0.07 0.04 0.05 0.06 0.06
Difference 1.89 1.82 3.99 3.15 0.76 0.14 0.11 0.10 0.07 0.13 0.44 1.76

Supply 0.137 0.174 0.438 0.395 0.237 0.187 0.132 0.065 0.106 0.121 0.291 0.31
Reserve 0.053 0.037 0.066 0.065 0.053 0.009 0.003 0 0 0.002 0.014 0.074

Difference 0.08 0.14 0.37 0.33 0.18 0.18 0.13 0.07 0.11 0.12 0.28 0.24
Supply 0.046 0.086 0.218 0.149 0.051 0.036 0.008 0.004 0.01 0.029 0.105 0.098

Reserve 0.022 0.032 0.020 0.013 0.004 0.001 0.001 0.000 0.000 0.002 0.004 0.013
Difference 0.02 0.05 0.20 0.14 0.05 0.04 0.01 0.00 0.01 0.03 0.10 0.09

Note: Bolded/shaded value corresponds to the lowest monthly median

NFU Niagara Falls Urban

SCU St. Catharines Urban

Term

SNF South Niagara Falls

UWR Upper Welland River

WSPA Name

UTWEL Upper Twelve

TWEN Twenty Mile Creek

TWEL Twelve Mile Creek
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TABLE 4.1
GROUNDWATER SUPPLY RESULTS
TIER 1 WATER BUDGET AND WATER QUANTITY STRESS ASSESSMENT

WSPA Name Area 

(km2)

QR      

Annual 
Recharge 

(mm/yr)A

QIN WT     

(m3/yr)

QIN WT   

(mm/yr)

QIN PS    

(m3/yr)

QIN PS   

(mm/yr)

QSUPPLY 

Groundwater 

(m3/yr)

QSUPPLY 

Groundwater 
(mm/year)

QRESERVE 

Groundwater 
(mm/year)

BDSC Beaverdams and 
Shriners Creeks

75.8 29 3,232,248 43 1,164,387 15 6,593,838 87 8.7

BFC Big Forks Creek 167.2 48 1,327,376 8 1,123,796 7 10,477,914 63 6.3
CWR Central Welland River 296.4 36 7,664,442 26 5,469,172 18 23,804,599 80 8.0
FEC Fort Erie 182.6 56 885,059 5 248,382 1 11,357,976 62 6.2

FSEM Fifteen, Sixteen, 
Eighteen Mile Creeks

134.1 77 2,159,770 16 2,310,055 17 14,792,574 110 11.0

GR Grimsby 78.4 54 2,595,627 33 1,295,711 17 8,124,153 104 10.4
LENS Lake Erie North Shore 118.1 51 2,184,358 19 1,684,317 14 9,889,438 84 8.4
LIN Lincoln 82.0 64 5,267,628 64 2,385,929 29 12,899,666 157 15.7

LWR Lower Welland River 35.4 31 1,821,004 52 966,363 27 3,883,438 110 11.0
NOTL Niagara-on-the-Lake 136.7 49 2,913,902 21 2,657,922 19 12,271,302 90 9.0
SNF South Niagara Falls 136.5 42 1,162,933 9 591,761 4 7,487,673 55 5.5

TWEL Twelve Mile Creek 131.6 53 3,763,765 29 3,445,982 26 14,200,197 108 10.8
UTWEL Upper Twelve Mile 47.3 105 3,214,505 68 3,690,465 78 11,871,390 251 25.1
TWEN Twenty Mile Creek 303.6 39 5,031,788 17 2,677,493 9 19,549,407 64 6.4
UWR Upper Welland River 478.0 47 10,703,493 22 6,309,025 13 39,478,230 83 8.3
NFU Niagara Falls Urban 48.2 20 786,697 16 2,222,640 46 3,972,836 82 8.2
SCU St. Catharines Urban 21.3 8 1,099,130 52 264,329 12 1,534,187 72 7.2

Table Notes:
WSPA - Watershed Planning Area
A - Results from Water Availability Studies (AquaResource Inc., NPCA, 2009)
WT - Water Table (well depths <15 metres below ground surface, Waterloo Hydrogeologic, 2005)
PS - Potentiometric Surface (well depths >15 metres below ground surface, Waterloo Hydrogeologic, 2005)
GW Supply - Sum of Annual Recharge, PS GW In and WT GW In



TABLE 5.7
PERMIT TO TAKE WATER MONTHLY AND ANNUAL ANALYSIS
TIER 1 WATER BUDGET AND WATER QUANTITY STRESS ASSESSMENT

IN-LAND SURFACE WATER TAKINGS

WSPA Name Units Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec WSPA Units
Annual 

(m3/year)
(m3/month) 0 5,645 34,998 33,869 120,279 116,399 120,279 120,279 116,399 120,279 33,869 18,063 (m3/year) 840,356

(m3/s) 0.00 0.00 0.01 0.01 0.04 0.04 0.04 0.04 0.04 0.04 0.01 0.01 (m3/s) 0.03
(m3/month) 0 0 0 0 38,205 101,453 106,683 106,683 76,410 38,205 0 0 (m3/year) 467,640

(m3/s) 0.00 0.00 0.00 0.00 0.01 0.04 0.04 0.04 0.03 0.01 0.00 0.00 (m3/s) 0.01
(m3/month) 4,740 12,903 80,557 134,514 149,971 159,253 134,514 80,557 12,903 618 (m3/year) 770,530

(m3/s) 0.00 0.00 0.00 0.00 0.03 0.05 0.06 0.06 0.05 0.03 0.00 0.00 (m3/s) 0.02
(m3/month) 0 0 0 0 69,245 67,011 69,245 69,245 67,011 69,245 0 0 (m3/year) 411,001

(m3/s) 0.00 0.00 0.00 0.00 0.03 0.03 0.03 0.03 0.03 0.03 0.00 0.00 (m3/s) 0.01
(m3/month) 1,940 2,470 2,734 3,589 9,267 13,697 15,058 102,721 10,622 9,267 3,589 2,734 (m3/year) 177,690

(m3/s) 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.04 0.00 0.00 0.00 0.00 (m3/s) 0.01
(m3/month) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/year) 0

(m3/s) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 (m3/s) 0
(m3/month) 69,354 59,344 65,860 77,102 47,427 20,509 2,436 5,044 14,062 21,642 43,466 58,785 (m3/year) 485,030

(m3/s) 0.03 0.02 0.02 0.03 0.02 0.01 0.00 0.00 0.01 0.01 0.02 0.02 (m3/s) 0.02
(m3/month) 0 0 0 0 0 0 8,266 57,516 0 0 0 0 (m3/year) 65,782

(m3/s) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 (m3/s) 0.00
(m3/month) 58,323 79,462 94,897 133,413 137,860 133,413 152,821 153,853 133,413 137,860 107,328 90,294 (m3/year) 1,412,938

(m3/s) 0.02 0.03 0.04 0.05 0.05 0.05 0.06 0.06 0.05 0.05 0.04 0.03 (m3/s) 0.04
(m3/month) 0 0 0 0 44,751 213,496 253,455 287,981 104,063 29,333 0 0 (m3/year) 933,079

(m3/s) 0.00 0.00 0.00 0.00 0.02 0.08 0.09 0.11 0.04 0.01 0.00 0.00 (m3/s) 0.03
(m3/month) 15,858 48,771 50,397 48,771 50,397 50,397 48,771 50,397 32,115 (m3/year) 395,872

(m3/s) 0.00 0.00 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.00 (m3/s) 0.01
(m3/month) 0 0 11,673 54,617 58,147 57,392 110,641 115,861 57,392 58,147 29,879 0 (m3/year) 553,748

(m3/s) 0.00 0.00 0.00 0.02 0.02 0.02 0.04 0.04 0.02 0.02 0.01 0.00 (m3/s) 0.02
(m3/month) 0 0 408 720 744 744 720 408 0 (m3/year) 3,744

(m3/s) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 (m3/s) 0.00
(m3/month) 0 9,778 82,195 87,087 224,583 351,860 380,643 420,680 351,860 224,583 84,336 36,666 (m3/year) 2,254,271

(m3/s) 0.00 0.00 0.03 0.03 0.08 0.14 0.14 0.16 0.14 0.08 0.03 0.01 (m3/s) 0.07
(m3/month) 14,520 18,480 20,460 20,063 31,165 55,260 57,102 57,102 50,841 31,165 20,063 20,460 (m3/year) 396,681

(m3/s) 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.01 0.01 0.01 (m3/s) 0.01
(m3/month) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/year) 0

(m3/s) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 (m3/s) 0.00
NFU Niagara Falls Urban NFU

Beaverdams and 
Shriners Creeks

BDSC

BFC Big Forks Creek

CWR Central Welland River

FEC Fort Erie Creeks

FSEM
Fifteen, Sixteen, 
Eighteen Mile Creeks

GR Grimsby

LENS Lake Erie North Shore

LIN Lincoln

LWR Lower Welland River

NOTL Niagara-on-the-Lake

SNF South Niagara Falls

TWEL Twelve Mile Creek

UWR Upper Welland River

UTWEL Upper Twelve

TWEN Twenty Mile Creek

BDSC

BFC

CWR

FEC

FSEM

GR

LENS

LIN

LWR

NOTL

SNF

TWEL

UTWEL

TWEN

UWR

Note: There are no PTTW in SCU Page 1 of 4



TABLE 5.7
PERMIT TO TAKE WATER MONTHLY AND ANNUAL ANALYSIS
TIER 1 WATER BUDGET AND WATER QUANTITY STRESS ASSESSMENT

GROUNDWATER TAKINGS

WSPA Name Units Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec WSPA Units
Annual 

(m3/year)
(m3/month) 7,475 13,574 33,835 33,851 42,720 37,588 38,771 38,781 37,808 37,938 20,311 11,831 (m3/year) 354,483
(mm/month) 0.10 0.18 0.45 0.45 0.56 0.50 0.51 0.51 0.50 0.50 0.27 0.16 (mm/year) 4.68
(m3/month) 576 734 812 786 9,511 34,646 79,860 114,227 9,603 9,511 786 812 (m3/year) 261,863
(mm/month) 0.00 0.00 0.00 0.00 0.06 0.21 0.48 0.68 0.06 0.06 0.00 0.00 (mm/year) 1.57
(m3/month) 0 3,819 64,544 63,138 76,207 95,329 63,138 64,544 3,819 0 (m3/year) 434,539
(mm/month) 0 0 0 0.01 0.22 0.21 0.26 0.32 0.21 0.22 0.01 0 (mm/year) 1.47
(m3/month) 12,332 15,678 27,631 111,704 165,649 168,355 173,791 173,739 167,967 139,022 39,264 17,230 (m3/year) 1,212,362
(mm/month) 0.07 0.09 0.15 0.61 0.91 0.92 0.95 0.95 0.92 0.76 0.22 0.09 (mm/year) 6.64
(m3/month) 5,361 6,224 12,883 23,012 80,381 150,310 165,022 184,478 150,310 80,381 18,109 6,890 (m3/year) 883,361
(mm/month) 0.04 0.05 0.10 0.17 0.60 1.12 1.23 1.38 1.12 0.60 0.14 0.05 (mm/year) 6.59
(m3/month) 257 98 612 349 243 162 222 303 223 180 207 342 (m3/year) 3,199
(mm/month) 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 (mm/year) 0.04
(m3/month) 527,321 509,235 468,574 588,103 569,693 336,659 298,577 331,695 363,064 305,251 298,812 290,099 (m3/year) 4,887,084
(mm/month) 4.47 4.31 3.97 4.98 4.83 2.85 2.53 2.81 3.08 2.59 2.53 2.46 (mm/year) 41.40
(m3/month) 0 0 0 0 0 0 0 1,960 0 0 0 0 (m3/year) 1,960
(mm/month) 0 0 0 0 0 0 0 0.02 0 0 0 0 (mm/year) 0.02
(m3/month) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/year) 0
(mm/month) 0 0 0 0 0 0 0 0 0 0 0 0 (mm/year) 0
(m3/month) 10,031 12,766 14,134 13,678 42,849 44,611 46,098 57,594 44,611 42,849 13,678 14,134 (m3/year) 357,034
(mm/month) 0.07 0.09 0.10 0.10 0.31 0.33 0.34 0.42 0.33 0.31 0.10 0.10 (mm/year) 2.61
(m3/month) 0 0 0 33,910 35,040 35,040 33,910 0 0 (m3/year) 137,899
(mm/month) 0 0 0 0 0 0.25 0.26 0.26 0.25 0 0 0 (mm/year) 1.01
(m3/month) 0 0 28,931 69,151 78,801 83,689 86,478 86,478 83,689 78,801 51,981 0 (m3/year) 647,997
(mm/month) 0 0 0 0.53 0.60 0.64 0.66 0.66 0.64 0.60 0.39 0 (mm/year) 4.92
(m3/month) 27,404 66,861 69,736 68,001 70,268 70,268 68,001 69,736 49,692 (m3/year) 559,967
(mm/month) 0 0 0 1.41 1.47 1.44 1.49 1.49 1.44 1.47 1.05 0 (mm/year) 11.84
(m3/month) 12,811 13,682 17,193 19,631 13,950 38,009 45,409 52,423 19,716 13,544 12,684 17,743 (m3/year) 276,793
(mm/month) 0.04 0.05 0.06 0.06 0.05 0.13 0.15 0.17 0.06 0.04 0.04 0.06 (mm/year) 0.91
(m3/month) 13,860 17,640 19,530 19,006 39,296 42,072 43,474 74,173 41,991 39,296 19,006 19,530 (m3/year) 388,873
(mm/month) 0.03 0.04 0.04 0.04 0.08 0.09 0.09 0.16 0.09 0.08 0.04 0.04 (mm/year) 0.81
(m3/month) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/year) 0
(mm/month) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 (mm/year) 0.00

NFU Niagara Falls Urban NFU

BFC Big Forks Creek

CWR Central Welland River

BDSC
Beaverdams and 
Shriners Creeks

FEC Fort Erie Creeks

FSEM
Fifteen, Sixteen, 
Eighteen Mile Creeks

GR Grimsby

LENS Lake Erie North Shore

LIN Lincoln

LWR Lower Welland River

NOTL Niagara-on-the-Lake

SNF South Niagara Falls

TWEL Twelve Mile Creek

UTWEL Upper Twelve

BDSC

BFC

CWR

FEC

FSEM

GR

LENS

LIN

LWR

NOTL

SNF

TWEL

UTWEL

TWEN

UWR

TWEN Twenty Mile Creek

UWR Upper Welland River

Note: There are no PTTW in SCU Page 2 of 4



TABLE 5.7
PERMIT TO TAKE WATER MONTHLY AND ANNUAL ANALYSIS
TIER 1 WATER BUDGET AND WATER QUANTITY STRESS ASSESSMENT

IN-LAND SURFACE WATER ADDITIONS TO SUPPLY

WSPA Name Units Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec WSPA Units
Annual 

(m3/year)
(m3/month) 0 0 0 0 12,090 11,700 12,090 12,090 11,700 12,090 0 0 (m3/year) 71,760

(m3/s) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 (m3/s) 0.00
(m3/month) 0 0 0 0 29,405 47,769 49,361 49,361 47,769 29,405 0 0 (m3/year) 253,071

(m3/s) 0.00 0.00 0.00 0.00 0.01 0.02 0.02 0.02 0.02 0.01 0.00 0.00 (m3/s) 0.01
(m3/month) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/year) 0

(m3/s) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/s) 0
(m3/month) 0 0 2,456 49,118 52,782 57,802 59,728 59,728 57,802 26,131 0 0 (m3/year) 365,547

(m3/s) 0.00 0.00 0.00 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.00 0.00 (m3/s) 0.01
(m3/month) 0 0 0 0 0 569 18,269 22,686 0 0 0 0 (m3/year) 41,525

(m3/s) 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 (m3/s) 0.00
(m3/month) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/year) 0

(m3/s) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/s) 0
(m3/month) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/year) 0

(m3/s) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/s) 0
(m3/month) 1,080 1,375 2,154 5,265 10,758 16,183 25,343 38,881 15,583 10,758 3,369 1,522 (m3/year) 132,270

(m3/s) 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.00 0.00 0.00 (m3/s) 0.00
(m3/month) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/year) 0

(m3/s) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/s) 0
(m3/month) 0 0 0 0 34,261 225,711 396,781 406,723 219,273 20,164 0 0 (m3/year) 1,302,915

(m3/s) 0.00 0.00 0.00 0.00 0.01 0.09 0.15 0.15 0.08 0.01 0.00 0.00 (m3/s) 0.04
(m3/month) 30,618 51,030 52,731 51,030 52,731 52,731 51,030 52,731 47,628 (m3/year) 442,260

(m3/s) 0.00 0.00 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.00 (m3/s) 0.01
(m3/month) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/year) 0

(m3/s) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/s) 0
(m3/month) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/year) 0

(m3/s) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/s) 0
(m3/month) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/year) 0

(m3/s) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/s) 0
(m3/month) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/year) 0

(m3/s) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/s) 0
(m3/month) 0 0 0 35,323 136,877 143,505 148,289 148,289 140,928 136,877 35,323 0 (m3/year) 925,412

(m3/s) 0.00 0.00 0.00 0.01 0.05 0.06 0.06 0.06 0.05 0.05 0.01 0.00 (m3/s) 0.03
NFU Niagara Falls Urban NFU

BFC Big Forks Creek BFC

CWR Central Welland River CWR

FEC Fort Erie Creeks FEC

FSEM
Fifteen, Sixteen, 
Eighteen Mile Creeks

FSEM

GR Grimsby GR

LENS Lake Erie North Shore LENS

LIN Lincoln LIN

LWR Lower Welland River LWR

NOTL Niagara-on-the-Lake NOTL

SNF South Niagara Falls SNF

Upper Welland River UWR

TWEL Twelve Mile Creek TWEL

UTWEL Upper Twelve UTWEL

BDSC
Beaverdams and 
Shriners Creeks

BDSC

TWEN Twenty Mile Creek TWEN

UWR

Note: There are no PTTW in SCU Page 3 of 4



TABLE 5.7
PERMIT TO TAKE WATER MONTHLY AND ANNUAL ANALYSIS
TIER 1 WATER BUDGET AND WATER QUANTITY STRESS ASSESSMENT

GREAT LAKES SURFACE WATER TAKINGS

WSPA Name Units Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec WSPA Units
Annual 

(m3/year)
(m3/month) 0 0 0 0 28,210 27,300 28,210 28,210 27,300 28,210 0 0 (m3/year) 167,440

(m3/s) 0 0 0 0 0.01 0.01 0.01 0.01 0.01 0.01 0 0 (m3/s) 0.01
(m3/month) 0 0 0 0 110,076 176,931 182,829 182,829 176,931 110,076 0 0 (m3/year) 939,671

(m3/s) 0 0 0 0 0.04 0.07 0.07 0.07 0.07 0.04 0 0 (m3/s) 0.03
(m3/month) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/year) 0

(m3/s) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/s) 0
(m3/month) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/year) 0

(m3/s) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/s) 0
(m3/month) 0 0 0 0 0 2,278 73,076 112,833 0 0 0 0 (m3/year) 188,186

(m3/s) 0 0 0 0 0 0.00 0.03 0.04 0 0 0 0 (m3/s) 0.01
(m3/month) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/year) 0

(m3/s) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/s) 0
(m3/month) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/year) 0

(m3/s) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/s) 0
(m3/month) 4,321 5,499 8,616 21,060 44,558 70,178 107,818 168,470 65,603 44,558 13,476 6,088 (m3/year) 560,245

(m3/s) 0.00 0.00 0.00 0.01 0.02 0.03 0.04 0.06 0.03 0.02 0.01 0.00 (m3/s) 0.02
(m3/month) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/year) 0

(m3/s) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/s) 0
(m3/month) 0 0 0 0 153,847 1,144,380 2,000,516 2,048,685 1,130,354 73,964 0 0 (m3/year) 6,551,747

(m3/s) 0 0 0 0 0.06 0.44 0.75 0.76 0.44 0.03 0 0 (m3/s) 0.21
(m3/month) 71,442 119,070 123,039 119,070 123,039 123,039 119,070 123,039 111,132 (m3/year) 1,031,940

(m3/s) 0 0 0.02667 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.04 0 (m3/s) 0.03
(m3/month) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/year) 0

(m3/s) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/s) 0
(m3/month) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/year) 0

(m3/s) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/s) 0
(m3/month) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/year) 0

(m3/s) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/s) 0
(m3/month) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/year) 0

(m3/s) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/s) 0
(m3/month) 0 0 0 3,925 15,209 40,485 41,835 41,835 34,473 15,209 3,925 0 (m3/year) 196,894

(m3/s) 0 0 0 0.00 0.01 0.02 0.02 0.02 0.01 0.01 0.00 0 (m3/s) 0.01
NFU Niagara Falls Urban NFU

CWR Central Welland River CWR

FEC

BFC Big Forks Creek BFC

BDSC
Beaverdams and 
Shriners Creeks

BDSC

Fort Erie Creeks FEC

FSEM
Fifteen, Sixteen, 
Eighteen Mile Creeks

FSEM

GR Grimsby GR

LENS Lake Erie North Shore LENS

LIN Lincoln LIN

LWR Lower Welland River LWR

Twenty Mile Creek TWEN

NOTL Niagara-on-the-Lake NOTL

SNF South Niagara Falls SNF

TWEL Twelve Mile Creek TWEL

UWR Upper Welland River UWR

UTWEL Upper Twelve UTWEL

TWEN

Note: There are no PTTW in SCU Page 4 of 4



TABLE 5.12

CROP DEMAND ESTIMATES (m3)
TIER 1 WATER BUDGET AND WATER QUANTITY STRESS ASSESSMENT

WSPA Name Units Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec WSPA Source Annual 
GW 4,854 4,854 4,854 4,854 4,854 4,854 7,076 7,076 4,854 4,854 4,854 4,854 GW 62,689
ISW 4,854 4,854 4,854 4,854 4,854 4,854 7,076 7,076 4,854 4,854 4,854 4,854 ISW 62,689
GW 0 0 0 0 8,258 33,035 78,195 112,563 7,992 8,258 0 0 GW 248,302
ISW 0 0 0 0 38,205 101,453 106,683 106,683 76,410 38,205 0 0 ISW 467,640
GW 4,083 4,083 4,083 4,083 47,395 46,117 71,858 90,979 42,423 43,701 4,083 4,083 GW 366,971
ISW 1,361 1,361 6,101 7,544 8,981 8,775 24,454 33,736 7,544 7,750 7,544 1,979 ISW 117,131
GW 733 733 733 733 1,100 1,100 3,638 3,638 733 733 733 733 GW 15,339
ISW 733 733 733 733 1,100 1,100 3,638 3,638 733 733 733 733 ISW 15,339
GW 22,614 22,979 29,154 39,444 56,832 73,404 95,617 114,750 67,632 51,061 34,541 23,161 GW 631,189
ISW 14,706 15,235 15,500 16,355 25,496 29,926 64,541 152,204 23,388 22,033 16,355 15,500 ISW 411,240
GW 10,250 10,250 10,250 10,250 11,984 11,984 14,447 14,447 10,250 10,250 10,250 10,250 GW 134,860
ISW 10,250 10,250 10,250 10,250 11,984 11,984 14,447 14,447 10,250 10,250 10,250 10,250 ISW 134,860
GW 1,633 1,633 1,633 1,633 1,902 1,902 15,397 15,397 1,633 1,633 1,633 1,633 GW 47,665
ISW 1,633 1,633 1,633 1,633 1,902 1,902 15,397 15,397 1,633 1,633 1,633 1,633 ISW 47,665
GW 1,475 1,475 1,475 1,475 2,046 2,046 2,077 4,037 1,475 1,475 1,475 1,475 GW 22,010
ISW 5,262 5,262 5,262 5,262 7,297 7,297 47,738 96,988 5,262 5,262 5,262 5,262 ISW 201,418
GW 1,079 1,079 1,079 1,079 1,295 1,295 25,421 25,421 1,079 1,079 1,079 1,079 GW 62,067
ISW 1,079 1,079 1,079 1,079 1,295 1,295 25,421 25,421 1,079 1,079 1,079 1,079 ISW 62,067
GW 0 0 0 0 0 0 0 11,496 0 0 0 0 GW 11,496
ISW 0 0 0 0 44,751 213,496 253,455 287,981 104,063 29,333 0 0 ISW 933,079
GW 567 567 567 567 945 945 3,711 3,711 567 567 567 567 GW 13,849
ISW 567 567 567 567 945 945 3,711 3,711 567 567 567 567 ISW 13,849
GW 4,251 4,251 25,236 61,483 63,391 61,483 66,362 66,362 61,483 63,391 44,314 4,251 GW 526,260
ISW 1,063 1,063 1,063 1,063 1,063 1,063 58,003 63,223 1,063 1,063 1,063 1,063 ISW 131,853
GW 2,657 2,657 23,642 59,889 61,797 59,889 66,084 66,084 59,889 61,797 42,720 2,657 GW 509,763
ISW 0 0 0 0 0 0 0 0 0 0 0 0 ISW 0
GW 1,080 1,375 1,522 1,473 1,522 3,633 5,242 5,242 1,473 1,522 1,473 1,522 GW 27,080
ISW 0 0 0 0 134,593 264,773 290,654 330,690 264,773 134,593 0 0 ISW 1,420,075
GW 25,501 29,281 31,171 30,541 31,171 30,784 53,525 84,224 30,703 31,171 30,541 19,530 GW 428,142
ISW 2,384 2,384 2,384 2,384 2,384 15,641 26,822 26,822 11,222 2,384 2,384 0 ISW 97,197
GW 69 69 69 69 83 83 1,623 1,623 69 69 69 69 GW 3,962
ISW 69 69 69 69 83 83 1,623 1,623 69 69 69 69 ISW 3,962

Notes: NFU - No identified agrcultural takings
GW - Groundwater source, ISW - Inland Surface Water Source, Great Lakes takings not included in table as not included in demand portion of stress level calculation
Demand from (i) de Loe - BDSC, FEC, GR, LENS, LWR and SNF, (ii) PTTW - BFC, NOTL and TWEN, and (iii) de Loe/PTTW - CWR, FSEM, LIN, TWEL and UWR

UTWEL

TWEN

UWR

LWR

NOTL

SNF

TWEL

FSEM

GR

LENS

LIN

BDSC

BFC

CWR

FEC

UWR Upper Welland River

UTWEL Upper Twelve

TWEN Twenty Mile Creek

SNF South Niagara Falls

TWEL Twelve Mile Creek

LWR Lower Welland River

NOTL Niagara-on-the-Lake

LENS Lake Erie North Shore

LIN Lincoln

FSEM
Fifteen, Sixteen, 
Eighteen Mile Creeks

GR Grimsby

Beaverdams and 
Shriners Creeks

BDSC

BFC Big Forks Creek

CWR Central Welland River

FEC Fort Erie Creeks

NFU Niagara Falls Urban NFU
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TABLE 5.16

WSPA WATER COMPONENTS (m3)
TIER 1 WATER BUDGET AND WATER QUANTITY STRESS ASSESSMENT

IN-LAND SURFACE WATER TAKINGS
WSPA Name Type Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec WSPA Units Annual 

non-Ag PTTW 0 5,645 34,998 33,869 120,279 116,399 120,279 120,279 116,399 120,279 33,869 18,063 non-Ag PTTW 840,356
Crops 4,854 4,854 4,854 4,854 4,854 4,854 7,076 7,076 4,854 4,854 4,854 4,854 Crops 62,689

Livestock 317 317 317 317 317 317 317 317 317 317 317 317 Livestock 3,798
TOTAL 5,170 10,815 40,168 39,039 125,449 121,569 127,671 127,671 121,569 125,449 39,039 23,234 SUM 906,844

non-Ag PTTW 0 0 0 0 0 0 0 0 0 0 0 0 non-Ag PTTW 0
Crops 0 0 0 0 38,205 101,453 106,683 106,683 76,410 38,205 0 0 Crops 467,640

Livestock 5,364 5,364 5,364 5,364 5,364 5,364 5,364 5,364 5,364 5,364 5,364 5,364 Livestock 64,365
TOTAL 5,364 5,364 5,364 5,364 43,569 106,817 112,047 112,047 81,774 43,569 5,364 5,364 SUM 532,005

non-Ag PTTW 0 0 0 6,720 74,168 128,331 132,609 132,609 128,331 74,168 6,720 0 non-Ag PTTW 683,655
Crops 1,361 1,361 6,101 7,544 8,981 8,775 24,454 33,736 7,544 7,750 7,544 1,979 Crops 117,131

Livestock 10,542 10,542 10,542 10,542 10,542 10,542 10,542 10,542 10,542 10,542 10,542 10,542 Livestock 126,509
TOTAL 11,903 11,903 16,644 24,806 93,692 147,649 167,605 176,887 146,417 92,460 24,806 12,522 SUM 927,296

non-Ag PTTW 0 0 0 0 69,245 67,011 69,245 69,245 67,011 69,245 0 0 non-Ag PTTW 411,001
Crops 733 733 733 733 1,100 1,100 3,638 3,638 733 733 733 733 Crops 15,339

Livestock 1,541 1,541 1,541 1,541 1,541 1,541 1,541 1,541 1,541 1,541 1,541 1,541 Livestock 18,486
TOTAL 2,274 2,274 2,274 2,274 71,885 69,651 74,423 74,423 69,285 71,518 2,274 2,274 SUM 444,826

non-Ag PTTW 0 0 0 0 0 0 0 0 0 0 0 0 non-Ag PTTW 0
Crops 14,706 15,235 15,500 16,355 25,496 29,926 64,541 152,204 23,388 22,033 16,355 15,500 Crops 411,240

Livestock 10,093 10,093 10,093 10,093 10,093 10,093 10,093 10,093 10,093 10,093 10,093 10,093 Livestock 121,121
TOTAL 24,800 25,329 25,594 26,449 35,589 40,019 74,634 162,298 33,481 32,127 26,449 25,594 SUM 532,361

non-Ag PTTW 0 0 0 0 0 0 0 0 0 0 0 0 non-Ag PTTW 0
Crops 10,250 10,250 10,250 10,250 11,984 11,984 14,447 14,447 10,250 10,250 10,250 10,250 Crops 134,860

Livestock 2,270 2,270 2,270 2,270 2,270 2,270 2,270 2,270 2,270 2,270 2,270 2,270 Livestock 27,238
TOTAL 12,520 12,520 12,520 12,520 14,253 14,253 16,716 16,716 12,520 12,520 12,520 12,520 SUM 162,097

non-Ag PTTW 69,354 59,344 65,860 77,102 47,427 20,509 2,436 5,044 14,062 21,642 43,466 58,785 non-Ag PTTW 485,030
Crops 1,633 1,633 1,633 1,633 1,902 1,902 15,397 15,397 1,633 1,633 1,633 1,633 Crops 47,665

Livestock 1,072 1,072 1,072 1,072 1,072 1,072 1,072 1,072 1,072 1,072 1,072 1,072 Livestock 12,861
TOTAL 72,060 62,049 68,565 79,807 50,400 23,482 18,905 21,513 16,768 24,347 46,171 61,490 SUM 545,556

non-Ag PTTW 0 0 0 0 0 0 0 0 0 0 0 0 non-Ag PTTW 0
Crops 5,262 5,262 5,262 5,262 7,297 7,297 47,738 96,988 5,262 5,262 5,262 5,262 Crops 201,418

Livestock 1,887 1,887 1,887 1,887 1,887 1,887 1,887 1,887 1,887 1,887 1,887 1,887 Livestock 22,644
TOTAL 7,149 7,149 7,149 7,149 9,184 9,184 49,625 98,875 7,149 7,149 7,149 7,149 SUM 224,062

non-Ag PTTW 58,323 79,462 94,897 133,413 137,860 133,413 152,821 153,853 133,413 137,860 107,328 90,294 non-Ag PTTW 1,412,938
Crops 1,079 1,079 1,079 1,079 1,295 1,295 25,421 25,421 1,079 1,079 1,079 1,079 Crops 62,067

Livestock 210 210 210 210 210 210 210 210 210 210 210 210 Livestock 2,522
TOTAL 59,613 80,752 96,186 134,702 139,366 134,919 178,452 179,484 134,702 139,149 108,618 91,583 SUM 1,477,527

LWRLWR Lower Welland River

LENS Lake Erie North Shore

LIN Lincoln

FSEM
Fifteen, Sixteen, 
Eighteen Mile Creeks

GR Grimsby

CWR Central Welland River

FEC Fort Erie Creeks

BDSC
Beaverdams and 
Shriners Creeks

BFC Big Forks Creek

BDSC

BFC

CWR

FEC

FSEM

GR

LENS

LIN
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TABLE 5.16

WSPA WATER COMPONENTS (m3)
TIER 1 WATER BUDGET AND WATER QUANTITY STRESS ASSESSMENT

IN-LAND SURFACE WATER TAKINGS (continued)
WSPA Name Type Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec WSPA Units Annual 

non-Ag PTTW 0 0 0 0 0 0 0 0 0 0 0 0 non-Ag PTTW 0
Crops 0 0 0 0 44,751 213,496 253,455 287,981 104,063 29,333 0 0 Crops 933,079

Livestock 2,169 2,169 2,169 2,169 2,169 2,169 2,169 2,169 2,169 2,169 2,169 2,169 Livestock 26,023
TOTAL 2,169 2,169 2,169 2,169 46,919 215,665 255,624 290,150 106,231 31,501 2,169 2,169 SUM 959,103

non-Ag PTTW 0 0 15,858 48,771 50,397 48,771 50,397 50,397 48,771 50,397 32,115 0 non-Ag PTTW 395,872
Crops 567 567 567 567 945 945 3,711 3,711 567 567 567 567 Crops 13,849

Livestock 1,343 1,343 1,343 1,343 1,343 1,343 1,343 1,343 1,343 1,343 1,343 1,343 Livestock 16,121
TOTAL 1,911 1,911 17,769 50,681 52,685 51,059 55,451 55,451 50,681 52,307 34,026 1,911 SUM 425,842

non-Ag PTTW 0 0 11,673 54,617 58,147 57,392 59,305 59,305 57,392 58,147 29,879 0 non-Ag PTTW 445,856
Crops 1,063 1,063 1,063 1,063 1,063 1,063 58,003 63,223 1,063 1,063 1,063 1,063 Crops 131,853

Livestock 1,073 1,073 1,073 1,073 1,073 1,073 1,073 1,073 1,073 1,073 1,073 1,073 Livestock 12,874
TOTAL 2,136 2,136 13,809 56,752 60,282 59,527 118,380 123,600 59,527 60,282 32,014 2,136 SUM 590,583

non-Ag PTTW 0 0 0 0 408 720 744 744 720 408 0 0 non-Ag PTTW 3,744
Crops 0 0 0 0 0 0 0 0 0 0 0 0 Crops 0

Livestock 676 676 676 676 676 676 676 676 676 676 676 676 Livestock 8,111
TOTAL 676 676 676 676 1,084 1,396 1,420 1,420 1,396 1,084 676 676 SUM 11,855

non-Ag PTTW 0 9,778 82,195 87,087 89,990 87,087 89,990 89,990 87,087 89,990 84,336 36,666 non-Ag PTTW 834,196
Crops 0 0 0 0 134,593 264,773 290,654 330,690 264,773 134,593 0 0 Crops 1,420,075

Livestock 15,670 15,670 15,670 15,670 15,670 15,670 15,670 15,670 15,670 15,670 15,670 15,670 Livestock 188,044
TOTAL 15,670 25,448 97,866 102,757 240,253 367,530 396,314 436,350 367,530 240,253 100,006 52,336 SUM 2,442,314

non-Ag PTTW 14,520 18,480 20,460 20,063 31,165 42,003 43,403 43,403 42,003 31,165 20,063 20,460 non-Ag PTTW 347,188
Crops 2,384 2,384 2,384 2,384 2,384 15,641 26,822 26,822 11,222 2,384 2,384 0 Crops 97,197

Livestock 15,443 15,443 15,443 15,443 15,443 15,443 15,443 15,443 15,443 15,443 15,443 15,443 Livestock 185,310
TOTAL 32,347 36,307 38,287 37,889 48,991 73,087 85,668 85,668 68,668 48,991 37,889 35,903 SUM 629,695

non-Ag PTTW 0 0 0 0 0 0 0 0 0 0 0 0 non-Ag PTTW 0
Crops 69 69 69 69 83 83 1,623 1,623 69 69 69 69 Crops 3,962

Livestock 13 13 13 13 13 13 13 13 13 13 13 13 Livestock 161
TOTAL 82 82 82 82 96 96 1,636 1,636 82 82 82 82 SUM 4,123

non-Ag PTTW 0 0 0 0 0 0 0 0 0 0 0 0 non-Ag PTTW 0
Crops 0 0 0 0 0 0 0 0 0 0 0 0 Crops 0

Livestock 0 0 0 0 0 0 0 0 0 0 0 0 Livestock 0
TOTAL 0 0 0 0 0 0 0 0 0 0 0 0 SUM 0

UTWEL Upper Twelve

TWEN Twenty Mile Creek

NOTL

SNF

TWEL

UTWEL

TWEN

UWR

SNF South Niagara Falls

TWEL Twelve Mile Creek

NOTL Niagara-on-the-Lake

UWR Upper Welland River

NFU Niagara Falls Urban NFU

SCU St. Catharines Urban SCU
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TABLE 5.16

WSPA WATER COMPONENTS (m3)
TIER 1 WATER BUDGET AND WATER QUANTITY STRESS ASSESSMENT

GROUNDWATER TAKINGS
WSPA Name Units Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec WSPA Units Annual 

non-Ag PTTW 7,475 13,574 33,835 33,851 42,720 37,588 38,771 38,781 37,808 37,938 20,311 11,831 non-Ag PTTW 354,483
Crops 4,854 4,854 4,854 4,854 4,854 4,854 7,076 7,076 4,854 4,854 4,854 4,854 Crops 62,689

Livestock 317 317 317 317 317 317 317 317 317 317 317 317 Livestock 3,798
Private Wells 319 303 329 329 354 343 390 401 381 380 347 337 Private Wells 4,213

TOTAL 12,964 19,048 39,335 39,350 48,244 43,101 46,554 46,575 43,359 43,488 25,828 17,337 SUM 425,184
non-Ag PTTW 576 734 812 786 1,252 1,611 1,665 1,665 1,611 1,252 786 812 non-Ag PTTW 13,562

Crops 0 0 0 0 8,258 33,035 78,195 112,563 7,992 8,258 0 0 Crops 248,302
Livestock 5,364 5,364 5,364 5,364 5,364 5,364 5,364 5,364 5,364 5,364 5,364 5,364 Livestock 64,365

Private Wells 5,994 5,708 6,196 6,192 6,667 6,452 7,341 7,543 7,169 7,139 6,518 6,331 Private Wells 79,249
TOTAL 11,934 11,805 12,372 12,341 21,542 46,462 92,564 127,134 22,136 22,013 12,667 12,507 SUM 405,477

non-Ag PTTW 0 0 0 3,819 24,926 24,798 25,625 25,625 24,798 24,926 3,819 0 non-Ag PTTW 158,336
Crops 4,083 4,083 4,083 4,083 47,395 46,117 71,858 90,979 42,423 43,701 4,083 4,083 Crops 366,971

Livestock 10,542 10,542 10,542 10,542 10,542 10,542 10,542 10,542 10,542 10,542 10,542 10,542 Livestock 126,509
Private Wells 12,792 12,181 13,223 13,214 14,229 13,770 15,667 16,098 15,300 15,236 13,910 13,511 Private Wells 169,131

TOTAL 27,418 26,807 27,849 31,659 97,093 95,228 123,691 143,244 93,064 94,405 32,354 28,136 SUM 820,947
non-Ag PTTW 12,332 15,678 27,631 111,704 165,649 168,355 173,791 173,739 167,967 139,022 39,264 17,230 non-Ag PTTW 1,212,362

Crops 733 733 733 733 1,100 1,100 3,638 3,638 733 733 733 733 Crops 15,339
Livestock 1,541 1,541 1,541 1,541 1,541 1,541 1,541 1,541 1,541 1,541 1,541 1,541 Livestock 18,486

Private Wells 8,683 8,268 8,976 8,969 9,658 9,347 10,634 10,927 10,385 10,341 9,441 9,171 Private Wells 114,801
TOTAL 23,289 26,220 38,880 122,947 177,948 180,342 189,604 189,844 180,626 151,636 50,978 28,674 SUM 1,360,988

non-Ag PTTW 4,024 4,521 5,006 4,844 50,597 103,954 117,121 117,444 103,954 50,597 4,844 5,006 non-Ag PTTW 571,910
Crops 22,614 22,979 29,154 39,444 56,832 73,404 95,617 114,750 67,632 51,061 34,541 23,161 Crops 631,189

Livestock 10,093 10,093 10,093 10,093 10,093 10,093 10,093 10,093 10,093 10,093 10,093 10,093 Livestock 121,121
Private Wells 7,891 7,514 8,157 8,151 8,777 8,494 9,664 9,930 9,438 9,398 8,580 8,334 Private Wells 104,328

TOTAL 44,622 45,107 52,410 62,533 126,300 195,945 232,495 252,217 191,117 121,149 58,059 46,594 SUM 1,428,549
non-Ag PTTW 257 98 612 349 243 162 222 303 223 180 207 342 non-Ag PTTW 3,199

Crops 10,250 10,250 10,250 10,250 11,984 11,984 14,447 14,447 10,250 10,250 10,250 10,250 Crops 134,860
Livestock 2,270 2,270 2,270 2,270 2,270 2,270 2,270 2,270 2,270 2,270 2,270 2,270 Livestock 27,238

Private Wells 6,002 5,715 6,204 6,199 6,676 6,460 7,350 7,552 7,178 7,148 6,526 6,339 Private Wells 79,349
TOTAL 18,778 18,333 19,336 19,068 21,173 20,876 24,289 24,572 19,921 19,847 19,252 19,201 SUM 244,645

non-Ag PTTW 527,321 509,235 468,574 588,103 569,693 336,659 298,577 331,695 363,064 305,251 298,812 290,099 non-Ag PTTW 4,887,084
Crops 1,633 1,633 1,633 1,633 1,902 1,902 15,397 15,397 1,633 1,633 1,633 1,633 Crops 47,665

Livestock 1,072 1,072 1,072 1,072 1,072 1,072 1,072 1,072 1,072 1,072 1,072 1,072 Livestock 12,861
Private Wells 7,748 7,378 8,009 8,004 8,619 8,341 9,489 9,750 9,267 9,228 8,425 8,183 Private Wells 102,442

TOTAL 537,775 519,318 479,288 598,811 581,285 347,973 324,535 357,915 375,037 317,184 309,942 300,987 SUM 5,050,052
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TABLE 5.16

WSPA WATER COMPONENTS (m3)
TIER 1 WATER BUDGET AND WATER QUANTITY STRESS ASSESSMENT

GROUNDWATER TAKINGS (continued)
WSPA Name Units Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec WSPA Units Annual 

non-Ag PTTW 0 0 0 0 0 0 0 0 0 0 0 0 non-Ag PTTW 0
Crops 1,475 1,475 1,475 1,475 2,046 2,046 2,077 4,037 1,475 1,475 1,475 1,475 Crops 22,010

Livestock 1,887 1,887 1,887 1,887 1,887 1,887 1,887 1,887 1,887 1,887 1,887 1,887 Livestock 22,644
Private Wells 11,973 11,401 12,376 12,368 13,318 12,888 14,663 15,067 14,320 14,260 13,019 12,645 Private Wells 158,297

TOTAL 15,335 14,763 15,739 15,730 17,251 16,821 18,628 20,991 17,683 17,622 16,381 16,008 SUM 202,951
non-Ag PTTW 0 0 0 0 0 0 0 0 0 0 0 0 non-Ag PTTW 0

Crops 1,079 1,079 1,079 1,079 1,295 1,295 25,421 25,421 1,079 1,079 1,079 1,079 Crops 62,067
Livestock 210 210 210 210 210 210 210 210 210 210 210 210 Livestock 2,522

Private Wells 1,243 1,183 1,285 1,284 1,382 1,338 1,522 1,564 1,486 1,480 1,351 1,313 Private Wells 16,432
TOTAL 2,532 2,473 2,574 2,573 2,888 2,843 27,153 27,195 2,776 2,770 2,641 2,602 SUM 81,021

non-Ag PTTW 10,031 12,766 14,134 13,678 42,849 44,611 46,098 46,098 44,611 42,849 13,678 14,134 non-Ag PTTW 345,538
Crops 0 0 0 0 0 0 0 11,496 0 0 0 0 Crops 11,496

Livestock 2,169 2,169 2,169 2,169 2,169 2,169 2,169 2,169 2,169 2,169 2,169 2,169 Livestock 26,023
Private Wells 11,297 10,758 11,678 11,670 12,567 12,161 13,836 14,217 13,513 13,455 12,284 11,932 Private Wells 149,369

TOTAL 23,497 25,693 27,981 27,517 57,585 58,941 62,103 73,980 60,292 58,473 28,131 28,235 SUM 532,427
non-Ag PTTW 0 0 0 0 0 33,910 35,040 35,040 33,910 0 0 0 non-Ag PTTW 137,899

Crops 567 567 567 567 945 945 3,711 3,711 567 567 567 567 Crops 13,849
Livestock 1,343 1,343 1,343 1,343 1,343 1,343 1,343 1,343 1,343 1,343 1,343 1,343 Livestock 16,121

Private Wells 5,730 5,456 5,923 5,919 6,374 6,168 7,018 7,211 6,853 6,824 6,230 6,052 Private Wells 75,758
TOTAL 7,640 7,367 7,834 7,829 8,662 42,366 47,112 47,305 42,674 8,735 8,141 7,962 SUM 243,627

non-Ag PTTW 0 0 7,946 11,918 19,661 26,456 27,338 27,338 26,456 19,661 11,918 0 non-Ag PTTW 178,692
Crops 4,251 4,251 25,236 61,483 63,391 61,483 66,362 66,362 61,483 63,391 44,314 4,251 Crops 526,260

Livestock 1,073 1,073 1,073 1,073 1,073 1,073 1,073 1,073 1,073 1,073 1,073 1,073 Livestock 12,874
Private Wells 4,809 4,579 4,971 4,967 5,349 5,177 5,889 6,052 5,752 5,727 5,229 5,079 Private Wells 63,580

TOTAL 10,133 9,903 39,226 79,442 89,474 94,189 100,663 100,825 94,764 89,852 62,534 10,403 SUM 781,406
non-Ag PTTW 0 0 6,419 9,629 10,596 10,769 11,128 11,128 10,769 10,596 9,629 0 non-Ag PTTW 90,662

Crops 2,657 2,657 23,642 59,889 61,797 59,889 66,084 66,084 59,889 61,797 42,720 2,657 Crops 509,763
Livestock 676 676 676 676 676 676 676 676 676 676 676 676 Livestock 8,111

Private Wells 3,126 2,976 3,231 3,229 3,477 3,365 3,828 3,933 3,739 3,723 3,399 3,301 Private Wells 41,327
TOTAL 6,459 6,309 33,968 73,423 76,546 74,699 81,716 81,822 75,073 76,792 56,423 6,634 SUM 649,863

non-Ag PTTW 11,731 12,307 15,671 18,158 12,428 34,375 40,167 47,180 18,243 12,022 11,211 16,221 non-Ag PTTW 249,713
Crops 1,080 1,375 1,522 1,473 1,522 3,633 5,242 5,242 1,473 1,522 1,473 1,522 Crops 27,080

Livestock 15,670 15,670 15,670 15,670 15,670 15,670 15,670 15,670 15,670 15,670 15,670 15,670 Livestock 188,044
Private Wells 16,068 15,301 16,610 16,598 17,874 17,297 19,679 20,221 19,219 19,137 17,472 16,971 Private Wells 212,448

TOTAL 44,549 44,653 49,473 51,899 47,494 70,976 80,759 88,314 54,605 48,351 45,826 50,384 SUM 677,284
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TABLE 5.16

WSPA WATER COMPONENTS (m3)
TIER 1 WATER BUDGET AND WATER QUANTITY STRESS ASSESSMENT

GROUNDWATER TAKINGS (continued)
WSPA Name Units Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec WSPA Units Annual 

non-Ag PTTW 0 0 0 106 19,766 22,929 23,693 23,693 22,929 19,766 106 0 non-Ag PTTW 132,987
Crops 25,501 29,281 31,171 30,541 31,171 30,784 53,525 84,224 30,703 31,171 30,541 19,530 Crops 428,142

Livestock 15,443 15,443 15,443 15,443 15,443 15,443 15,443 15,443 15,443 15,443 15,443 15,443 Livestock 185,310
Private Wells 17,073 16,258 17,648 17,636 18,991 18,379 20,909 21,485 20,421 20,334 18,564 18,032 Private Wells 225,729

TOTAL 58,016 60,981 64,262 63,725 85,370 87,534 113,570 144,845 89,495 86,713 64,653 53,004 SUM 972,169
non-Ag PTTW 0 0 0 0 0 0 0 0 0 0 0 0 non-Ag PTTW 0

Crops 69 69 69 69 83 83 1,623 1,623 69 69 69 69 Crops 3,962
Livestock 13 13 13 13 13 13 13 13 13 13 13 13 Livestock 161

Private Wells 481 458 497 497 535 518 589 605 575 573 523 508 Private Wells 6,360
TOTAL 563 540 580 579 631 614 2,225 2,241 658 655 605 590 SUM 10,483

non-Ag PTTW 0 0 0 0 0 0 0 0 0 0 0 0 non-Ag PTTW 0
Crops 0 0 0 0 0 0 0 0 0 0 0 0 Crops 0

Livestock 0 0 0 0 0 0 0 0 0 0 0 0 Livestock 0
Private Wells 0 0 0 0 0 0 0 0 0 0 0 0 Private Wells 0

TOTAL 0 0 0 0 0 0 0 0 0 0 0 0 SUM 0

Upper Welland River UWRUWR

NFU Niagara Falls Urban NFU

SCU St. Catharines Urban SCU
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TABLE 5.17
WSPA WATER DEMAND
TIER 1 WATER BUDGET AND WATER QUANTITY STRESS ASSESSMENT

IN-LAND SURFACE WATER TAKINGS
WSPA Name Type Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec WSPA Units Annual 

(m3/month) 5,170 10,815 40,168 39,039 125,449 121,569 127,671 127,671 121,569 125,449 39,039 23,234 (m3/year) 906,844
(m3/s) 0.002 0.004 0.015 0.015 0.047 0.047 0.048 0.048 0.047 0.047 0.015 0.009 (m3/s) 0.029

(m3/month) 5,364 5,364 5,364 5,364 43,569 106,817 112,047 112,047 81,774 43,569 5,364 5,364 (m3/year) 532,005
(m3/s) 0.002 0.002 0.002 0.002 0.016 0.041 0.042 0.042 0.032 0.016 0.002 0.002 (m3/s) 0.017

(m3/month) 11,903 11,903 16,644 24,806 93,692 147,649 167,605 176,887 146,417 92,460 24,806 12,522 (m3/year) 927,296
(m3/s) 0.004 0.005 0.006 0.010 0.035 0.057 0.063 0.066 0.056 0.035 0.010 0.005 (m3/s) 0.029

(m3/month) 2,274 2,274 2,274 2,274 71,885 69,651 74,423 74,423 69,285 71,518 2,274 2,274 (m3/year) 444,826
(m3/s) 0.001 0.001 0.001 0.001 0.027 0.027 0.028 0.028 0.027 0.027 0.001 0.001 (m3/s) 0.014

(m3/month) 24,800 25,329 25,594 26,449 35,589 40,019 74,634 162,298 33,481 32,127 26,449 25,594 (m3/year) 532,361
(m3/s) 0.009 0.010 0.010 0.010 0.013 0.015 0.028 0.061 0.013 0.012 0.010 0.010 (m3/s) 0.017

(m3/month) 12,520 12,520 12,520 12,520 14,253 14,253 16,716 16,716 12,520 12,520 12,520 12,520 (m3/year) 162,097
(m3/s) 0.005 0.005 0.005 0.005 0.005 0.005 0.006 0.006 0.005 0.005 0.005 0.005 (m3/s) 0.005

(m3/month) 72,060 62,049 68,565 79,807 50,400 23,482 18,905 21,513 16,768 24,347 46,171 61,490 (m3/year) 545,556
(m3/s) 0.027 0.025 0.026 0.031 0.019 0.009 0.007 0.008 0.006 0.009 0.018 0.023 (m3/s) 0.017

(m3/month) 7,149 7,149 7,149 7,149 9,184 9,184 49,625 98,875 7,149 7,149 7,149 7,149 (m3/year) 224,062
(m3/s) 0.003 0.003 0.003 0.003 0.003 0.004 0.019 0.037 0.003 0.003 0.003 0.003 (m3/s) 0.007

(m3/month) 59,613 80,752 96,186 134,702 139,366 134,919 178,452 179,484 134,702 139,149 108,618 91,583 (m3/year) 1,477,527
(m3/s) 0.022 0.033 0.036 0.052 0.052 0.052 0.067 0.067 0.052 0.052 0.042 0.034 (m3/s) 0.047

(m3/month) 2,169 2,169 2,169 2,169 46,919 215,665 255,624 290,150 106,231 31,501 2,169 2,169 (m3/year) 959,103
(m3/s) 0.001 0.001 0.001 0.001 0.018 0.083 0.095 0.108 0.041 0.012 0.001 0.001 (m3/s) 0.030

(m3/month) 1,911 1,911 17,769 50,681 52,685 51,059 55,451 55,451 50,681 52,307 34,026 1,911 (m3/year) 425,842
(m3/s) 0.001 0.001 0.007 0.020 0.020 0.020 0.021 0.021 0.020 0.020 0.013 0.001 (m3/s) 0.014

(m3/month) 2,136 2,136 13,809 56,752 60,282 59,527 118,380 123,600 59,527 60,282 32,014 2,136 (m3/year) 590,583
(m3/s) 0.001 0.001 0.005 0.022 0.023 0.023 0.044 0.046 0.023 0.023 0.012 0.001 (m3/s) 0.019

(m3/month) 676 676 676 676 1,084 1,396 1,420 1,420 1,396 1,084 676 676 (m3/year) 11,855
(m3/s) 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.001 0.001 0.000 0.000 0.000 (m3/s) 0.000

(m3/month) 15,670 25,448 97,866 102,757 240,253 367,530 396,314 436,350 367,530 240,253 100,006 52,336 (m3/year) 2,442,314
(m3/s) 0.006 0.010 0.037 0.040 0.090 0.142 0.148 0.163 0.142 0.090 0.039 0.020 (m3/s) 0.077

(m3/month) 32,347 36,307 38,287 37,889 48,991 73,087 85,668 85,668 68,668 48,991 37,889 35,903 (m3/year) 629,695
(m3/s) 0.012 0.015 0.014 0.015 0.018 0.028 0.032 0.032 0.026 0.018 0.015 0.013 (m3/s) 0.020

(m3/month) 82 82 82 82 96 96 1,636 1,636 82 82 82 82 (m3/year) 4,123
(m3/s) 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000 (m3/s) 0.000

(m3/month) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/year) 0
(m3/s) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 (m3/s) 0.000

NFU Niagara Falls Urban NFU

SCU St.Catharines Urban SCU
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TABLE 5.17
WSPA WATER DEMAND
TIER 1 WATER BUDGET AND WATER QUANTITY STRESS ASSESSMENT

GROUNDWATER TAKINGS
WSPA Name Units Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec WSPA Units Annual 

(m3/month) 12,964 19,048 39,335 39,350 48,244 43,101 46,554 46,575 43,359 43,488 25,828 17,337 (m3/year) 425,184
(mm/month) 0.17 0.25 0.52 0.52 0.64 0.57 0.61 0.61 0.57 0.57 0.34 0.23 (mm/year) 5.61
(m3/month) 11,934 11,805 12,372 12,341 21,542 46,462 92,564 127,134 22,136 22,013 12,667 12,507 (m3/year) 405,477
(mm/month) 0.07 0.07 0.07 0.07 0.13 0.28 0.55 0.76 0.13 0.13 0.08 0.07 (mm/year) 2.42
(m3/month) 27,418 26,807 27,849 31,659 97,093 95,228 123,691 143,244 93,064 94,405 32,354 28,136 (m3/year) 820,947
(mm/month) 0.09 0.09 0.09 0.11 0.33 0.32 0.42 0.48 0.31 0.32 0.11 0.09 (mm/year) 2.77
(m3/month) 23,289 26,220 38,880 122,947 177,948 180,342 189,604 189,844 180,626 151,636 50,978 28,674 (m3/year) 1,360,988
(mm/month) 0.13 0.14 0.21 0.67 0.97 0.99 1.04 1.04 0.99 0.83 0.28 0.16 (mm/year) 7.45
(m3/month) 44,622 45,107 52,410 62,533 126,300 195,945 232,495 252,217 191,117 121,149 58,059 46,594 (m3/year) 1,428,549
(mm/month) 0.33 0.34 0.39 0.47 0.94 1.46 1.73 1.88 1.43 0.90 0.43 0.35 (mm/year) 10.66
(m3/month) 18,778 18,333 19,336 19,068 21,173 20,876 24,289 24,572 19,921 19,847 19,252 19,201 (m3/year) 244,645
(mm/month) 0.24 0.23 0.25 0.24 0.27 0.27 0.31 0.31 0.25 0.25 0.25 0.24 (mm/year) 3.12
(m3/month) 537,775 519,318 479,288 598,811 581,285 347,973 324,535 357,915 375,037 317,184 309,942 300,987 (m3/year) 5,050,052
(mm/month) 4.56 4.40 4.06 5.07 4.92 2.95 2.75 3.03 3.18 2.69 2.63 2.55 (mm/year) 42.78
(m3/month) 15,335 14,763 15,739 15,730 17,251 16,821 18,628 20,991 17,683 17,622 16,381 16,008 (m3/year) 202,951
(mm/month) 0.19 0.18 0.19 0.19 0.21 0.21 0.23 0.26 0.22 0.21 0.20 0.20 (mm/year) 2.48
(m3/month) 2,532 2,473 2,574 2,573 2,888 2,843 27,153 27,195 2,776 2,770 2,641 2,602 (m3/year) 81,021
(mm/month) 0.07 0.07 0.07 0.07 0.08 0.08 0.77 0.77 0.08 0.08 0.07 0.07 (mm/year) 2.29
(m3/month) 23,497 25,693 27,981 27,517 57,585 58,941 62,103 73,980 60,292 58,473 28,131 28,235 (m3/year) 532,427
(mm/month) 0.17 0.19 0.20 0.20 0.42 0.43 0.45 0.54 0.44 0.43 0.21 0.21 (mm/year) 3.89
(m3/month) 7,640 7,367 7,834 7,829 8,662 42,366 47,112 47,305 42,674 8,735 8,141 7,962 (m3/year) 243,627
(mm/month) 0.06 0.05 0.06 0.06 0.06 0.31 0.35 0.35 0.31 0.06 0.06 0.06 (mm/year) 1.78
(m3/month) 10,133 9,903 39,226 79,442 89,474 94,189 100,663 100,825 94,764 89,852 62,534 10,403 (m3/year) 781,406
(mm/month) 0.08 0.08 0.30 0.60 0.68 0.72 0.76 0.77 0.72 0.68 0.48 0.08 (mm/year) 5.94
(m3/month) 6,459 6,309 33,968 73,423 76,546 74,699 81,716 81,822 75,073 76,792 56,423 6,634 (m3/year) 649,863
(mm/month) 0.14 0.13 0.72 1.55 1.62 1.58 1.73 1.73 1.59 1.62 1.19 0.14 (mm/year) 13.74
(m3/month) 44,549 44,653 49,473 51,899 47,494 70,976 80,759 88,314 54,605 48,351 45,826 50,384 (m3/year) 677,284
(mm/month) 0.15 0.15 0.16 0.17 0.16 0.23 0.27 0.29 0.18 0.16 0.15 0.17 (mm/year) 2.23
(m3/month) 58,016 60,981 64,262 63,725 85,370 87,534 113,570 144,845 89,495 86,713 64,653 53,004 (m3/year) 972,169
(mm/month) 0.12 0.13 0.13 0.13 0.18 0.18 0.24 0.30 0.19 0.18 0.14 0.11 (mm/year) 2.03
(m3/month) 563 540 580 579 631 614 2,225 2,241 658 655 605 590 (m3/year) 10,483
(mm/month) 0.01 0.01 0.01 0.01 0.01 0.01 0.05 0.05 0.01 0.01 0.01 0.01 (mm/year) 0.22
(m3/month) 0 0 0 0 0 0 0 0 0 0 0 0 (m3/year) 0
(mm/month) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 (mm/year) 0.00
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TABLE 6.4
SURFACE WATER QUANTITY STRESS ASSESSMENT
TIER 1 WATER BUDGET AND WATER QUANTITY STRESS ASSESSMENT

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

(m3/s)
Sup-Res 0.17 0.24 0.58 0.36 0.16 0.07 0.04 0.03 0.03 0.06 0.23 0.22
Additions 0.000 0.000 0.000 0.000 0.005 0.005 0.005 0.005 0.005 0.005 0.000 0.000
Demand 0.002 0.004 0.015 0.015 0.047 0.047 0.048 0.048 0.047 0.047 0.015 0.009

%WD 1% 2% 3% 4% 29% 61% 111% 150% 129% 75% 7% 4%
Sup-Res 0.47 0.60 1.16 0.68 0.23 0.08 0.05 0.04 0.02 0.05 0.30 0.72
Additions 0.000 0.000 0.000 0.000 0.011 0.018 0.018 0.018 0.018 0.011 0.000 0.000
Demand 0.002 0.002 0.002 0.002 0.016 0.041 0.042 0.042 0.032 0.016 0.002 0.002

%WD 0% 0% 0% 0% 7% 40% 58% 71% 77% 27% 1% 0%
Sup-Res 3.36 3.66 7.81 6.05 1.73 0.72 0.38 0.35 0.21 0.53 1.83 4.22
Additions 0 0 0 0 0 0 0 0 0 0 0 0
Demand 0.004 0.005 0.006 0.010 0.035 0.057 0.063 0.066 0.056 0.035 0.010 0.005

%WD 0% 0% 0% 0% 2% 8% 16% 19% 27% 7% 1% 0%
Sup-Res 0.56 0.89 1.87 0.82 0.38 0.20 0.13 0.07 0.10 0.23 0.87 0.95
Additions 0.000 0.000 0.001 0.019 0.020 0.022 0.022 0.022 0.022 0.010 0.000 0.000
Demand 0.001 0.001 0.001 0.001 0.027 0.027 0.028 0.028 0.027 0.027 0.001 0.001

%WD 0% 0% 0% 0% 7% 12% 18% 30% 22% 11% 0% 0%
Sup-Res 0.66 0.55 0.97 1.00 0.39 0.18 0.07 0.03 0.04 0.07 0.25 0.50
Additions 0.000 0.000 0.000 0.000 0.000 0.000 0.007 0.008 0.000 0.000 0.000 0.000
Demand 0.009 0.010 0.010 0.010 0.013 0.015 0.028 0.061 0.013 0.012 0.010 0.010

%WD 1% 2% 1% 1% 3% 9% 39% 143% 32% 18% 4% 2%
Sup-Res 0.43 0.38 0.56 0.44 0.13 0.06 0.02 0.004 0.01 0.03 0.15 0.31
Additions 0 0 0 0 0 0 0 0 0 0 0 0
Demand 0.005 0.005 0.005 0.005 0.005 0.005 0.006 0.006 0.005 0.005 0.005 0.005

%WD 1% 1% 1% 1% 4% 9% 42% 156% 81% 19% 3% 2%
Sup-Res 0.42 0.59 0.92 0.50 0.21 0.08 0.04 0.04 0.03 0.11 0.51 0.60
Additions 0 0 0 0 0 0 0 0 0 0 0 0
Demand 0.027 0.025 0.026 0.031 0.019 0.009 0.007 0.008 0.006 0.009 0.018 0.023

%WD 6% 4% 3% 6% 9% 11% 18% 20% 22% 8% 3% 4%
Sup-Res 0.47 0.53 0.76 0.67 0.21 0.12 0.03 0.01 0.02 0.05 0.27 0.38
Additions 0.000 0.001 0.001 0.002 0.004 0.006 0.009 0.015 0.006 0.004 0.001 0.001
Demand 0.003 0.003 0.003 0.003 0.003 0.004 0.019 0.037 0.003 0.003 0.003 0.003

%WD 1% 1% 0% 0% 2% 3% 51% 145% 11% 5% 1% 1%

Significant

Significant

Significant

Significant

Significant

Moderate27%

30%

143%

156%

Moderate

Moderate22%

145%

Max
Stress 

Classification

150%

77%

LincolnLIN

GrimsbyGR

LENS Lake Erie North Shore

FEC Fort Erie Creeks

Fifteen, Sixteen, 
Eighteen Mile Creeks

FSEM

BFC Big Forks Creek

Central Welland RiverCWR

WSPA Name Term

Beaverdams and 
Shriners Creeks

BDSC
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TABLE 6.4
SURFACE WATER QUANTITY STRESS ASSESSMENT
TIER 1 WATER BUDGET AND WATER QUANTITY STRESS ASSESSMENT

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

(m3/s)
Sup-Res 3.67 3.80 8.31 6.56 1.71 0.78 0.40 0.30 0.23 0.48 1.81 4.29
Additions 0 0 0 0 0 0 0 0 0 0 0 0
Demand 0.022 0.033 0.036 0.052 0.052 0.052 0.067 0.067 0.052 0.052 0.042 0.034

%WD 1% 1% 0% 1% 3% 7% 17% 22% 23% 11% 2% 1%
Sup-Res 0.47 0.52 1.03 0.68 0.29 0.16 0.08 0.03 0.04 0.09 0.41 0.52
Additions 0.000 0.000 0.000 0.000 0.013 0.087 0.148 0.152 0.085 0.008 0.000 0.000
Demand 0.001 0.001 0.001 0.001 0.018 0.083 0.095 0.108 0.041 0.012 0.001 0.001

%WD 0% 0% 0% 0% 6% 33% 41% 61% 32% 12% 0% 0%
Sup-Res 0.39 0.50 1.17 0.54 0.23 0.09 0.05 0.03 0.03 0.05 0.31 0.58
Additions 0 0 0.0114 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0
Demand 0.001 0.001 0.007 0.020 0.020 0.020 0.021 0.021 0.020 0.020 0.013 0.001

%WD 0% 0% 1% 3% 8% 18% 30% 42% 39% 28% 4% 0%
Sup-Res 51 42 45 63 19 58 17 106 109 103 42 79
Additions 0 0 0 0 0 0 0 0 0 0 0 0
Demand 0.001 0.001 0.005 0.022 0.023 0.023 0.044 0.046 0.023 0.023 0.012 0.001

%WD 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Sup-Res 0.25 0.25 0.26 0.30 0.23 0.13 0.07 0.05 0.03 0.02 0.07 0.17
Additions 0 0 0 0 0 0 0 0 0 0 0 0
Demand 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.001 0.001 0.000 0.000 0.000

%WD 0% 0% 0% 0% 0% 0% 1% 1% 2% 2% 0% 0%
Sup-Res 1.52 1.60 3.38 0.90 0.38 0.23 0.14 0.11 0.07 0.17 0.58 1.52
Additions 0 0 0 0 0 0 0 0 0 0 0 0
Demand 0.006 0.010 0.037 0.040 0.090 0.142 0.148 0.163 0.142 0.090 0.039 0.020

%WD 0% 1% 1% 4% 24% 62% 106% 148% 203% 53% 7% 1%
Sup-Res 1.89 1.82 3.99 3.15 0.76 0.14 0.11 0.10 0.07 0.13 0.44 1.76
Additions 0 0 0 0 0 0 0 0 0 0 0 0
Demand 0.012 0.015 0.014 0.015 0.018 0.028 0.032 0.032 0.026 0.018 0.015 0.013

%WD 1% 1% 0% 0% 2% 20% 29% 32% 38% 14% 3% 1%
Sup-Res 0.08 0.14 0.37 0.33 0.18 0.18 0.13 0.07 0.11 0.12 0.28 0.24
Additions 0 0 0 0.0136 0.0511 0.0554 0.0554 0.0554 0.0544 0.0511 0.0136 0
Demand 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000

%WD 0% 0% 0% 0% 0% 0% 0% 1% 0% 0% 0% 0%

Moderate

Significant

Significant

Low

Low

Moderate

2%

61%

42%

0%

203%

38%

Moderate

23%

Stress 
Classification

MaxTerm

Twelve Mile CreekTWEL

WSPA Name

Niagara-on-the-LakeNOTL

South Niagara FallsSNF

LWR Lower Welland River

Upper Welland RiverUWR

Upper TwelveUTWEL

Twenty Mile CreekTWEN

NFU Niagara Falls Urban 1% Low
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TABLE 6.4
SURFACE WATER QUANTITY STRESS ASSESSMENT
TIER 1 WATER BUDGET AND WATER QUANTITY STRESS ASSESSMENT

Sup-Res 0.02 0.05 0.20 0.14 0.05 0.04 0.01 0.00 0.01 0.03 0.10 0.09
Additions 0 0 0 0 0 0 0 0 0 0 0 0
Demand 0 0 0 0 0 0 0 0 0 0 0 0

%WD 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Notes: Sup-Res: Supply minus Reserve, %WD: Percent Water demand, Significant - Bold shaded italics, Moderate - Bold underlined italcs

SCU St. Catharines Urban 0% Low
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TABLE 6.6
GROUNDWATER QUANTITY STRESS ASSESSMENT
TIER 1 WATER BUDGET AND WATER QUANTITY STRESS ASSESSMENT

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

(mm/month) (mm/year)
Supply 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 Supply 87

Reserve 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 Reserve 9
Demand 0.17 0.25 0.52 0.52 0.64 0.57 0.61 0.61 0.57 0.57 0.34 0.23 Demand 6

%WD 3% 4% 8% 8% 10% 9% 9% 9% 9% 9% 5% 4% %WD 7%
Supply 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 Supply 63

Reserve 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 Reserve 6
Demand 0.07 0.07 0.07 0.07 0.13 0.28 0.55 0.76 0.13 0.13 0.08 0.07 Demand 2

%WD 2% 2% 2% 2% 3% 6% 12% 16% 3% 3% 2% 2% %WD 4%
Supply 6.7 6.7 6.7 6.7 6.7 6.7 6.7 6.7 6.7 6.7 6.7 6.7 Supply 80

Reserve 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 Reserve 8
Demand 0.09 0.09 0.09 0.11 0.33 0.32 0.42 0.48 0.31 0.32 0.11 0.09 Demand 3

%WD 2% 2% 2% 2% 5% 5% 7% 8% 5% 5% 2% 2% %WD 4%
Supply 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 Supply 62

Reserve 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 Reserve 6
Demand 0.13 0.14 0.21 0.67 0.97 0.99 1.04 1.04 0.99 0.83 0.28 0.16 Demand 7

%WD 3% 3% 5% 14% 21% 21% 22% 22% 21% 18% 6% 3% %WD 13%
Supply 9.2 9.2 9.2 9.2 9.2 9.2 9.2 9.2 9.2 9.2 9.2 9.2 Supply 110

Reserve 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 Reserve 11
Demand 0.33 0.34 0.39 0.47 0.94 1.46 1.73 1.88 1.43 0.90 0.43 0.35 Demand 11

%WD 4% 4% 5% 6% 11% 18% 21% 23% 17% 11% 5% 4% %WD 11%
Supply 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 Supply 104

Reserve 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 Reserve 10
Demand 0.24 0.23 0.25 0.24 0.27 0.27 0.31 0.31 0.25 0.25 0.25 0.24 Demand 3

%WD 3% 3% 3% 3% 3% 3% 4% 4% 3% 3% 3% 3% %WD 3%
Supply 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 Supply 84

Reserve 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 Reserve 8
Demand 4.56 4.40 4.06 5.07 4.92 2.95 2.75 3.03 3.18 2.69 2.63 2.55 Demand 43

%WD 73% 70% 65% 81% 78% 47% 44% 48% 51% 43% 42% 41% %WD 57%
Supply 13.1 13.1 13.1 13.1 13.1 13.1 13.1 13.1 13.1 13.1 13.1 13.1 Supply 157

Reserve 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 Reserve 16
Demand 0.19 0.18 0.19 0.19 0.21 0.21 0.23 0.26 0.22 0.21 0.20 0.20 Demand 2

%WD 2% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2% %WD 2%

Low

Low

Significant

Moderate

Moderate

Low

Low

Annual Stress 
Classification

Low

4% Low

81% Significant

22% Low

23% Low

Max 
Month

Monthly Stress 
Classification

10% Low

16% Low

8% Low

Term

2% LowLincolnLIN

GrimsbyGR

LENS
Lake Erie 
North Shore

FEC
Fort Erie 
Creeks

Fifteen, 
Sixteen, 
Eighteen 
Mile Creeks

FSEM

BFC
Big Forks 
Creek

Central 
Welland 
River

CWR

WSPA Name Term
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and 
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TABLE 6.6
GROUNDWATER QUANTITY STRESS ASSESSMENT
TIER 1 WATER BUDGET AND WATER QUANTITY STRESS ASSESSMENT

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

(mm/month) (mm/year)
Supply 9.2 9.2 9.2 9.2 9.2 9.2 9.2 9.2 9.2 9.2 9.2 9.2 Supply 110

Reserve 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 Reserve 11
Demand 0.07 0.07 0.07 0.07 0.08 0.08 0.77 0.77 0.08 0.08 0.07 0.07 Demand 2

%WD 1% 1% 1% 1% 1% 1% 9% 9% 1% 1% 1% 1% %WD 2%
Supply 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 Supply 90

Reserve 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 Reserve 9
Demand 0.17 0.19 0.20 0.20 0.42 0.43 0.45 0.54 0.44 0.43 0.21 0.21 Demand 4

%WD 3% 3% 3% 3% 6% 6% 7% 8% 7% 6% 3% 3% %WD 5%
Supply 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 Supply 55

Reserve 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 Reserve 5
Demand 0.06 0.05 0.06 0.06 0.06 0.31 0.35 0.35 0.31 0.06 0.06 0.06 Demand 2

%WD 1% 1% 1% 1% 2% 8% 8% 8% 8% 2% 1% 1% %WD 4%
Supply 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 Supply 108

Reserve 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 Reserve 11
Demand 0.08 0.08 0.30 0.60 0.68 0.72 0.76 0.77 0.72 0.68 0.48 0.08 Demand 6

%WD 1% 1% 4% 7% 8% 9% 9% 9% 9% 8% 6% 1% %WD 6%
Supply 20.9 20.9 20.9 20.9 20.9 20.9 20.9 20.9 20.9 20.9 20.9 20.9 Supply 251

Reserve 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 Reserve 25
Demand 0.14 0.13 0.72 1.55 1.62 1.58 1.73 1.73 1.59 1.62 1.19 0.14 Demand 14

%WD 1% 1% 4% 8% 9% 8% 9% 9% 8% 9% 6% 1% %WD 6%
Supply 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 Supply 64

Reserve 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 Reserve 6
Demand 0.15 0.15 0.16 0.17 0.16 0.23 0.27 0.29 0.18 0.16 0.15 0.17 Demand 2

%WD 3% 3% 3% 4% 3% 5% 6% 6% 4% 3% 3% 3% %WD 4%
Supply 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 Supply 83

Reserve 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 Reserve 8
Demand 0.12 0.13 0.13 0.13 0.18 0.18 0.24 0.30 0.19 0.18 0.14 0.11 Demand 2

%WD 2% 2% 2% 2% 3% 3% 4% 5% 3% 3% 2% 2% %WD 3%
Supply 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 Supply 82

Reserve 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 Reserve 8
Demand 0.01 0.01 0.01 0.01 0.01 0.01 0.05 0.05 0.01 0.01 0.01 0.01 Demand 0

%WD 0% 0% 0% 0% 0% 0% 1% 1% 0% 0% 0% 0% %WD 0%

Low

Low

Low

Low

Low

Low

Low

Annual Stress 
Classification

6% Low

5% Low

9% Low

9% Low

8% Low

8% Low

TermTerm Max
Monthly Stress 
Classification

9% Low
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SNF
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UTWEL
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TABLE 6.6
GROUNDWATER QUANTITY STRESS ASSESSMENT
TIER 1 WATER BUDGET AND WATER QUANTITY STRESS ASSESSMENT

Supply 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 Supply 72
Reserve 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 Reserve 7
Demand 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Demand 0

%WD 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% %WD 0%

Notes: %WD: Percent Water Demand, Significant - Bold shaded italics, Moderate - Bold underlined italcs

SCU
St. 
Catharines 
Urban

0% Low Low
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Figure 2.1: Water Budget Subwatershed Areas
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Disclaimer:  This map is intended for illustrative purposes only.  Figure is to be read in
conjunction with the Niagara Peninsula Source Protection Area Tier 1 Water Budget Report.
Please refer to report text for digital mapping sources.
All Frames: North American Datum 1983, Universal Transverse Mercator 6o Projection, Zone 17N, Central Meridian 81o West.
Produced by the Niagara Peninsula Conservation Authority with data supplied under licence by members of the Ontario Geospatial Data Exchange, 2009.
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Figure 2.2: Meteorological Stations and Stream Gauges 
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conjunction with the Niagara Peninsula Source Protection Area Tier 1 Water Budget Report.
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All Frames: North American Datum 1983, Universal Transverse Mercator 6o Projection, Zone 17N, Central Meridian 81o West.
Produced by the Niagara Peninsula Conservation Authority with data supplied under licence by members of the Ontario Geospatial Data Exchange, 2009.
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Figure 2.3: Mean Annual Precipitation
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Please refer to report text for digital mapping sources.
All Frames: North American Datum 1983, Universal Transverse Mercator 6o Projection, Zone 17N, Central Meridian 81o West.
Produced by the Niagara Peninsula Conservation Authority with data supplied under licence by members of the Ontario Geospatial Data Exchange, 2009.
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Figure 2.4: Mean Annual Snowfall Water Equivalent
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conjunction with the Niagara Peninsula Source Protection Area Tier 1 Water Budget Report.
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Figure 2.6: Mean Annual Temperature
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Figure 2.7: Topography
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Figure 2.8: Hydrologic Boundaries
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Figure 2.9: Physiography
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Figure 2.10: Soils
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Figure 2.11: Surficial Geology
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Figure 2.12: Bedrock Geology
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Figure 2.14: Bedrock Topography
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All Frames: North American Datum 1983, Universal Transverse Mercator 6o Projection, Zone 17N, Central Meridian 81o West.
Produced by the Niagara Peninsula Conservation Authority with data supplied under licence by members of the Ontario Geospatial Data Exchange, 2009.
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Figure 2.15: Overburden Thickness
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Figure 2.16: Sand and gravel thickness above bedrock
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Produced by the Niagara Peninsula Conservation Authority with data supplied under licence by members of the Ontario Geospatial Data Exchange, 2009.
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Figure 2.17: Water Table Elevation
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Figure 2.18: Potentiometric Surface
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Figure 2.19: Niagara Escarpment baseflow stations
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Figure 2.20: SOLRIS / SIL Land Cover
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All Frames: North American Datum 1983, Universal Transverse Mercator 6o Projection, Zone 17N, Central Meridian 81o West.
Produced by the Niagara Peninsula Conservation Authority with data supplied under licence by members of the Ontario Geospatial Data Exchange, 2009.
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Figure 3.2: HEC-HMS model catchments
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Figure 3.3

Mean Monthly Flow - Twenty Mile Creek at Ball's Falls

Calibration Period 1991-1998
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Figure 3.4

Median Monthly Flow - Twenty Mile Creek at Ball's Falls

Calibration Period 1991-1998
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Figure 3.5

Ranked Duration Plot - Twenty Mile Creek at Ball's Falls

Calibration Period 1991-1998
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Figure 3.6

Mean Monthly Flow - Twenty Mile Creek above Smithville
Calibration Period 1991-1998
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Figure 3.7

Median Monthly Flow - Twenty Mile Creek above Smithville
Calibration Period 1991-1998
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Figure 3.8

Ranked Duration Plot - Twenty Mile Creek above Smithville
Calibration Period 1991-1998
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Figure 3.9

Mean Monthly Flow - Twenty Mile Creek at Ball's Falls

Verification Period 1999-2005
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Figure 3.10

Median Monthly Flow - Twenty Mile Creek at Ball's Falls

Verification Period 1999-2005
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Figure 3.11

Ranked Duration Plot - Twenty Mile Creek at Ball's Falls

Verification Period 1999-2005
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Figure 3.12

Mean Monthly Flow - Twenty Mile Creek above Smithville
Verification Period 1999-2005
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Figure 3.13

Median Monthly Flow - Twenty Mile Creek above Smithville
Verification Period 1999-2005
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Figure 3.14

Ranked Duration Plot - Twenty Mile Creek above Smithville
Verification Period 1999-2005
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Figure 3.15

Mean Monthly Flow - Welland River below Caistor Corners
Calibration Period 1999-2005
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Figure 3.16

Median Monthly Flow - Welland River below Caistor Corners
Calibration Period 1999-2005
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Figure 3.17

Ranked Duration Plot - Welland River below Caistor Corners
Calibration Period 1999-2005
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Figure 3.18

Mean Monthly Flow - Oswego Creek at Canboro
Calibration Period 1999-2005
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Figure 3.19

Median Monthly Flow - Oswego Creek at Canboro
Calibration Period 1999-2005
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Figure 3.20

Ranked Duration Plot - Oswego Creek at Canboro
Calibration Period 1999-2005
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Figure 3.21

Mean Monthly Flow - Welland River below Caistor Corners
Verification Period 1991-1998
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Figure 3.22

Median Monthly Flow - Welland River below Caistor Corners
Verification Period 1991-1998
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Figure 3.23

Ranked Duration Plot - Welland River below Caistor Corners
Verification Period 1991-1998
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Figure 3.24

Mean Monthly Flow - Oswego Creek at Canboro
Verification Period 1991-1995
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Figure 3.25

Median Monthly Flow - Oswego Creek at Canboro
Verification Period 1991-1995
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Figure 3.26

Ranked Duration Plot - Oswego Creek at Canboro
Verification Period 1991-1995
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Figure 3.27

Monthly Mean Flows - Twelve Mile Creek near Power Glen
April 2006 - October 2007
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Figure 3.28

Monthly Median Flows - Twelve Mile Creek near Power Glen
April 2006 - October 2007
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Figure 3.29

Ranked Duration Plot - Twelve Mile Creek near Power Glen
With Bedrock Discharge

April 2006 - October 2007
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Figure 3.30

Ranked Duration Plot - Twelve Mile Creek near Power Glen 
Without Bedrock Discharge
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Figure 3.31

Monthly Mean Flows - Four Mile Creek near Virgil
April 2006 - October 2007
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Figure 3.32

Monthly Median Flows - Four Mile Creek near Virgil
April 2006 - October 2007
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Figure 3.33

Ranked Duration Plot - Four Mile Creek near Virgil
April 2006 - October 2007
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Figure 3.34

Ranked Duration Plot - Four Mile Creek near Virgil
Without Irrigation Water Supply
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Figure 3.35

TWEN Constant Rate Sensitivity - Mean Monthly Flow Percent Change
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Figure 3.36

TWEN Maximum Storage Sensitivity - Mean Monthly Flow Percent Change
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Figure 3.37

UWR Constant Rate Sensitivity - Mean Monthly Flow Percent Change
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Figure 3.38

UWR Maximum Storage Sensitivity - Mean Monthly Flow Percent Change
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Figure 3.39

TWEL Constant Rate Sensitivity - Mean Monthly Flow Percent Change
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Figure 3.40

TWEL Maximum Storage Sensitivity - Mean Monthly Flow Percent Change
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Figure 3.41

NOTL Constant Rate Sensitivity - Mean Monthly Flow Percent Change
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Figure 3.42

NOTL Maximum Storage Sensitivity - Mean Monthly Flow Percent Change
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Figure 3.43: Annual Catchment Precipitation
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conjunction with the Niagara Peninsula Source Protection Area Tier 1 Water Budget Report.
Please refer to report text for digital mapping sources.
All Frames: North American Datum 1983, Universal Transverse Mercator 6o Projection, Zone 17N, Central Meridian 81o West.
Produced by the Niagara Peninsula Conservation Authority with data supplied under licence by members of the Ontario Geospatial Data Exchange, 2009.
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Figure 3.44: Annual Catchment Evapotranspiration
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conjunction with the Niagara Peninsula Source Protection Area Tier 1 Water Budget Report.
Please refer to report text for digital mapping sources.
All Frames: North American Datum 1983, Universal Transverse Mercator 6o Projection, Zone 17N, Central Meridian 81o West.
Produced by the Niagara Peninsula Conservation Authority with data supplied under licence by members of the Ontario Geospatial Data Exchange, 2009.
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Figure 3.45: Normalized Annual Catchment Evapotranspiration
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Figure 3.46: Annual WSPA Evapotranspiration
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Disclaimer:  This map is intended for illustrative purposes only.  Figure is to be read in
conjunction with the Niagara Peninsula Source Protection Area Tier 1 Water Budget Report.
Please refer to report text for digital mapping sources.
All Frames: North American Datum 1983, Universal Transverse Mercator 6o Projection, Zone 17N, Central Meridian 81o West.
Produced by the Niagara Peninsula Conservation Authority with data supplied under licence by members of the Ontario Geospatial Data Exchange, 2009.
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Figure 3.47: Normalized Annual WSPA Evapotranspiration
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conjunction with the Niagara Peninsula Source Protection Area Tier 1 Water Budget Report.
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All Frames: North American Datum 1983, Universal Transverse Mercator 6o Projection, Zone 17N, Central Meridian 81o West.
Produced by the Niagara Peninsula Conservation Authority with data supplied under licence by members of the Ontario Geospatial Data Exchange, 2009.

BDSC - Beaverdams and Shriners Creek
BFC - Big Forks Creek and Feeder Canal
CWR - Central Welland River
FEC - Fort Erie Creeks
FSEM - Fifteen, Sixteen, Eighteen Mile Creeks
GR - Grimsby
LENS - Lake Erie North Shore
LIN - Lincoln
LWR - Lower Welland River
NOTL - Niagara-on-the-Lake
SNF - South Niagara Falls
TWEL - Twelve Mile Creek
UTWEL - Upper Twelve Mile Creek
TWEN - Twenty Mile Creek
UWR - Upper Welland River
NFU - Niagara Falls Urban
SCU - St. Catharines Urban



20

UWR

CWR

TWEN

FECBFC

SNF

GR LIN

NOTL

FSEM

TWEL

LENS

BDSC NFU

LWR

SCU

3

6

3

3

55

2056

20

405

QEW

406

Tier 1 Water Budget

Index Map

Lake
Ontario

Figure 3.48: Annual Catchment Runoff
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All Frames: North American Datum 1983, Universal Transverse Mercator 6o Projection, Zone 17N, Central Meridian 81o West.
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Figure 3.49: September WSPA Surface Water Supply
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Disclaimer:  This map is intended for illustrative purposes only.  Figure is to be read in
conjunction with the Niagara Peninsula Source Protection Area Tier 1 Water Budget Report.
Please refer to report text for digital mapping sources.
All Frames: North American Datum 1983, Universal Transverse Mercator 6o Projection, Zone 17N, Central Meridian 81o West.
Produced by the Niagara Peninsula Conservation Authority with data supplied under licence by members of the Ontario Geospatial Data Exchange, 2009.

BDSC - Beaverdams and Shriners Creek
BFC - Big Forks Creek and Feeder Canal
CWR - Central Welland River
FEC - Fort Erie Creeks
FSEM - Fifteen, Sixteen, Eighteen Mile Creeks
GR - Grimsby
LENS - Lake Erie North Shore
LIN - Lincoln
LWR - Lower Welland River
NOTL - Niagara-on-the-Lake
SNF - South Niagara Falls
TWEL - Twelve Mile Creek
UTWEL - Upper Twelve Mile Creek
TWEN - Twenty Mile Creek
UWR - Upper Welland River
NFU - Niagara Falls Urban
SCU - St. Catharines Urban



20

UWR

CWR

TWEN

FECBFC

SNF

GR LIN

NOTL

FSEM

TWEL

LENS

BDSC NFU

LWR

SCU

3

6

3

3

55

2056

20

405

QEW

406

Tier 1 Water Budget

Index Map

Lake
Ontario

Figure 3.50: Annual Catchment Groundwater Recharge
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Disclaimer:  This map is intended for illustrative purposes only.  Figure is to be read in
conjunction with the Niagara Peninsula Source Protection Area Tier 1 Water Budget Report.
Please refer to report text for digital mapping sources.
All Frames: North American Datum 1983, Universal Transverse Mercator 6o Projection, Zone 17N, Central Meridian 81o West.
Produced by the Niagara Peninsula Conservation Authority with data supplied under licence by members of the Ontario Geospatial Data Exchange, 2009.
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Figure 3.51: Annual WSPA Groundwater Recharge
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conjunction with the Niagara Peninsula Source Protection Area Tier 1 Water Budget Report.
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All Frames: North American Datum 1983, Universal Transverse Mercator 6o Projection, Zone 17N, Central Meridian 81o West.
Produced by the Niagara Peninsula Conservation Authority with data supplied under licence by members of the Ontario Geospatial Data Exchange, 2009.
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Figure 4.1: Water Table Transmissivity
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Disclaimer:  This map is intended for illustrative purposes only.  Figure is to be read in
conjunction with the Niagara Peninsula Source Protection Area Tier 1 Water Budget Report.
Please refer to report text for digital mapping sources.
All Frames: North American Datum 1983, Universal Transverse Mercator 6o Projection, Zone 17N, Central Meridian 81o West.
Produced by the Niagara Peninsula Conservation Authority with data supplied under licence by members of the Ontario Geospatial Data Exchange, 2009.
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Figure 4.2: Potentiometric Surface Transmissivity
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Disclaimer:  This map is intended for illustrative purposes only.  Figure is to be read in
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All Frames: North American Datum 1983, Universal Transverse Mercator 6o Projection, Zone 17N, Central Meridian 81o West.
Produced by the Niagara Peninsula Conservation Authority with data supplied under licence by members of the Ontario Geospatial Data Exchange, 2009.
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Figure 4.3: Water Table Groundwatersheds
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Disclaimer:  This map is intended for illustrative purposes only.  Figure is to be read in
conjunction with the Niagara Peninsula Source Protection Area Tier 1 Water Budget Report.
Please refer to report text for digital mapping sources.
All Frames: North American Datum 1983, Universal Transverse Mercator 6o Projection, Zone 17N, Central Meridian 81o West.
Produced by the Niagara Peninsula Conservation Authority with data supplied under licence by members of the Ontario Geospatial Data Exchange, 2009.
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Figure 4.4: Potentiometric Groundwatersheds
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Disclaimer:  This map is intended for illustrative purposes only.  Figure is to be read in
conjunction with the Niagara Peninsula Source Protection Area Tier 1 Water Budget Report.
Please refer to report text for digital mapping sources.
All Frames: North American Datum 1983, Universal Transverse Mercator 6o Projection, Zone 17N, Central Meridian 81o West.
Produced by the Niagara Peninsula Conservation Authority with data supplied under licence by members of the Ontario Geospatial Data Exchange, 2009.
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Figure 5.1: Municipally Serviced Areas
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Disclaimer:  This map is intended for illustrative purposes only.  Figure is to be read in
conjunction with the Niagara Peninsula Source Protection Area Tier 1 Water Budget Report.
Please refer to report text for digital mapping sources.
All Frames: North American Datum 1983, Universal Transverse Mercator 6o Projection, Zone 17N, Central Meridian 81o West.
Produced by the Niagara Peninsula Conservation Authority with data supplied under licence by members of the Ontario Geospatial Data Exchange, 2009.
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Figure 5:2: Consumptive Permits to Take Water Sources
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Figure 5:3: Additive Permits to Take Water Sources
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Figure 5.5: Statistics Canada Census Boundaries
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Figure 5.6: Livestock Watering
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FIGURE 5.7
1991-2006 LIVESTOCK WATERING
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FIGURE 5.8
1991-2006 TOTAL CROP WATER USE

(de Loe Methodology only)
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FIGURE 5.9 
2006 CROP WATER USE PER CATEGORY

(de Loe Methodology)
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Figure 5.10: Annual Crop Water Demand
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Figure 5.11: Non-municipal Water Population Estimate (2006)
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Figure 5.12: Private Well Water Demand Estimate
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Figure 6.1: August Surface Water Demand (m3/ sec)
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Figure 6.2: Surface Water Stress Assessment

Legend
International Boundary
Major Highways
Highways
Watercourse

Ponds, Reservoirs, Lakes
Extended Context Area
Source Water Protection Area

Lower Tier Municipality
Upper Tier Municipality

Lake
Huron

Lake
Erie

Lake
Ontario

Lake
Erie

New York State
U.S.A.

0 2.5 5 7.5 101.25

Kilometers

1:250,000

Lake Erie Source Protection Region

Halto
n-Hamilton Source P rotection Region

Monday, December 14, 2009BDSC: WSPA 
150 : Stress Assessment Level

Low Stress (0 - 20 %)
Moderate Stress (21 - 50 %)
Significant Stress (> 50 %)

Surface Water Stress Level

Disclaimer:  This map is intended for illustrative purposes only.  Figure is to be read in
conjunction with the Niagara Peninsula Source Protection Area Tier 1 Water Budget Report.
Please refer to report text for digital mapping sources.
All Frames: North American Datum 1983, Universal Transverse Mercator 6o Projection, Zone 17N, Central Meridian 81o West.
Produced by the Niagara Peninsula Conservation Authority with data supplied under licence by members of the Ontario Geospatial Data Exchange, 2009.

BDSC - Beaverdams and Shriners Creek
BFC - Big Forks Creek and Feeder Canal
CWR - Central Welland River
FEC - Fort Erie Creeks
FSEM - Fifteen, Sixteen, Eighteen Mile Creeks
GR - Grimsby
LENS - Lake Erie North Shore
LIN - Lincoln
LWR - Lower Welland River
NOTL - Niagara-on-the-Lake
SNF - South Niagara Falls
TWEL - Twelve Mile Creek
UTWEL - Upper Twelve Mile Creek
TWEN - Twenty Mile Creek
UWR - Upper Welland River
NFU - Niagara Falls Urban
SCU - St. Catharines Urban



20

UWR
2 mm

CWR
3 mm

TWEN
2 mm

FEC
7 mm

BFC
2 mm

SNF
2 mm

NOTL
4 mm

TWEL
6 mm

FSEM
11 mm

LENS
43 mm

LIN
2 mm

GR
3 mm

BDSC
6 mm

NFU
0 mm

LWR
2 mm

SCU
0 mm

3

6

3

3

55

2056

20

405

QEW

406

Tier 1 Water Budget

Index Map

Lake
Ontario

Figure 6.3: Annual Groundwater Demand
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Figure 6.4: August Groundwater Demand
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 68 Parker Drive, Simcoe, Ontario, N3Y 1A4 

Tel: (519) 426-1658   Fax: (519) 426-2756 
Email: hschroet@mgl.ca 

MEMORANDUM 
 

TO:              Lorrie Minshall, P.Eng., Grand River Conservation Authority, Cambridge, Ontario. 
 
FROM:        Dr. Harold Schroeter, P.Eng.,                  Signature:______________________________ 
 
DATE:         Tuesday March 6, 2007                                                                           PROJECT: 06-18 
 
SUBJECT:  Meteorological Data Missing-Value Fill-in Study for Ontario (Draft 1)            Pages:    39                    

 
This memo report summarizes the steps taken in the above noted study conducted for the 19 Source 
Water Protection (SWP) working groups in Ontario. All the final processed meteorological data files 
are stored on a CD-ROM, and so this memo also gives a complete listing of the contents of that CD. 
 
All the procedures for filling-in missing values in daily climate (e.g. maximum and minimum air 
temperature, rainfall and snowfall depths) and hourly rainfall records have been reported in the paper: 
Filling Gaps In Meteorological Data Sets Used For Long-Term Watershed Modelling, presented by 
Schroeter, Boyd and Whiteley at the Ontario Water Conference 2000 in Richmond Hill, April 2000. 
For the most part, the procedures outlined in that paper have not been altered in the present work, but 
some enhancements were included, and are reported later in this memo. The interested reader is 
encouraged to review the 2000 paper for specific details on the overall methodology.  
 
The general procedures can be summarized as:  
 
 Assembling available data 
 Filling-in for missing values in daily records 
 Filling-in for missing values in hourly rainfall records 
 Converting ‘processed’ or ‘cleaned-up’ data to other formats 
 
An overview of the steps involved in each of these procedures starts on the next page. The MS-WORD 
file for this document is also included on the accompanying CD-ROM in a separate folder. 
 
 
 
 
NOTE: This draft of the missing-value fill-in study summary memo deals with the daily climate data. 
The hourly information will be reported in the next draft, expected to be completed by the end of 
March 2007. 
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Assemble Available Data: 
 
1. The first step in the missing value fill-in procedures is to assemble all of the available data, both in 

terms of daily climate variables (e.g. maximum and minimum daily air temperatures, daily rainfall 
and snowfall totals) and hourly rainfall amounts, from the various sources. For this purpose, we 
were able to obtain daily climate and hourly rainfall data from historical records maintained by the 
Canadian Atmospheric Environment Service (AES), as well as hourly rainfall amounts measured 
using the real-time network gauges maintained by the nine conservation authorities involved with 
this project, that is Ausable-Bayfield (ABCA), Maitland Valley (MVCA), Grand River (GRCA), 
Long Point Region (LPRCA), Kettle Creek (KCCA), Catfish Creek (CCCA), Credit Valley (CVC), 
Hamilton Region (HRCA), and Quinte Conservation (QC, comprising Moira, Napanee and Prince 
Edward County). Although not reported here specifically, additional data were available from the 
Upper Thames River (UTRCA), Saugeen Valley (SVCA), Conservation Halton (CH), and some 
isolated gauged data supplied through the Ministry of Natural Resources (MNR) Wiski System.  

 
For ease of data management and handling, it was decided to divide the province into four 
meteorological data regions (or Met Regions for short) as illustrated in Figure 1.  Table 1, of which 
the top portion is shown herein, provides a summary of the complete inventory of daily climate 
data that was supplied by AES.  The complete Table 1 is quite large comprising 39 pages of 
information, and for that reason it is contained in a separate MS-WORD file.  AES supplied data 
climate data for more than 1400 locations in Ontario. 

 
2. Once all the raw data from the various sources had been assembled in digital form, the various 

computer files had to be converted to some standard format for processing. In this regard, the 
standard data formats used were those originally proposed by AES when they began archiving their 
historical data records digitally in 1969. At that time, AES had two distinct formats for distributing 
their daily and hourly meteorological data: (a) the expanded archival layout, and (b) the 
compressed format. Most hydrologic modelling software developed and applied in Canada since 
1969 (e.g. SWMM, ILLUDAS, GAWSER, MIDUSS, various HYMOs) have been formulated to 
use the AES compressed formats directly. Originally, these AES formats specified the year as three 
digits, but in 1999 they were modified to be ‘Y2K Compliant’, requiring the specification of the 
year with 4 digits.  

 
All the missing-value fill-in work, including data conversions, printing summaries and processing, 
were handled by two programs developed by Schroeter and Associates over the past 17 years. First, 
DTRANS (for Data Transfer) was utilized for all the data file conversion work, including 
conversion of raw files (with various formats) to all the AES formats, and the processed AES files 
back to other formats (to be described later). Secondly, METCLN (for Meteorological Data 
Cleansing) was the actual program that handled all the actual missing value fill-in work. METCLN 
processes meteorological information using the Y2K compliant AES compressed hourly and daily 
climate data file formats only. 

 
All of daily climate data obtained from AES were supplied in large files to the study team (by e-
mail) in the AES archival format. These files contained information up to the end of 2004, and for 
a few months in 2005 for most stations. Additional information, particularly for the stations located 
in Quebec, was  extracted from the AES published CD-ROM, of which the most current version 
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CD has data up to the end of October 2003. These data are stored on the CD-ROM in the AES 
archive format. Additional daily data were downloaded directly from the AES website (e.g. 
Canadian Climate Centre) for November and December 2003, all of 2004, all of 2005 (where 
possible) and to the mid-August 2006. These data were stored in a ‘bulk’ comma delimited format, 
where the files were given the .CSV extension. Processing of these current AES data files required 
a new processing option to be installed in the DTRANS program. The download of information 
from the AES website was rather tedious as one could only process the information for one station 
at time, and for this study, data from more than 254 locations were downloaded. 

 
3. Prepare ‘Raw Data’ Summaries: Once all the available meteorological data had been converted 

to common or standard formats, the METCLN program was used to make general summaries for 
each climate variable at a particular station. These summaries were used to identify how much data 
was actually missing in a particular station record. Tables 2 to 5 give sample monthly summaries of 
the available daily records (maximum and minimum air temperature, rainfall and snowfall) for the 
AES Exeter Station (AES ID: 6122370), and you can see the line labelled as ‘MD’ gives the 
number of days where data is missing for that particular variable. Here, we can see that on 2651 
days we have no maximum daily air temperatures, 2654 days with no minimum air temperatures, 
157 days with no daily rainfall total, and 156 days with no daily snowfall total for the period 
January 1, 1960 to December 31, 2003.   

 
Tables like these (2 to 5) could be created for all the available records, both in terms of daily and 
hourly data, but with more than 1400 stations to review, a more streamlined approach was adopted 
for the present work, and incorporated into DTRANS. Table 6, created directly by the DTRANS 
program, provides a general summary of the available records. Like Table 1, Table 6 is very large 
(37 pages), and so only the top portion is shown herein. The full Table 6 is given in a separate MS-
WORD file in the \REPORT folder.  
 
From reviewing an earlier version of Table 6 which summaried the available information for the 
period 1850 to 2004 as well as Table 1, the 1950 to 2005 period was chosen to be the reference 
period for  processing all the daily climate and hourly rainfall (or precipitation) data. 
 
 

Filling-in for missing values in daily records 
 
The processing of the daily climate data (which includes the maximum and minimum air temperature, 
rainfall and snowfall totals) proceeded first, as the daily rainfall totals were required to correct the 
hourly rainfall totals. Recall, that during high intensity rainfall events, tipping-bucket gauges tend to 
‘under-catch’, requiring some adjustment using data from ‘standard’ or manual gauges. This is a 
procedure that AES normally performs with their Class ‘A’ stations (like London Airport, North Bay 
Airport, Toronto’s Pearson Airport, Delhi CDA or Ottawa Airport), but is not done for most 
conservation authority networks.  
 
Following a full examination of Tables 1 and 6, a number of AES climate stations were selected as 
candidate ‘surrogates’ for filling-in missing values in the records for other stations. These ‘surrogates’ 
were selected primarily on the basis of record length and reliability, where ‘reliability’ represents the 
amount of  existing station records requiring missing value fill-in work. Therefore, a ‘high reliability’ 
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record would require very little or a low amount of missing value fill-in work. In this regard, the AES 
North Bay Airport, Windsor Airport, Toronto (and Toronto City), Toronto’s Pearson Airport, 
Belleville, and Ottawa Airport stations have ‘high reliability’ records of sufficient length to be good 
surrogate stations.  
 
The stations selected for missing value fill-in work are those with historical significance (e.g. 
Lucknow, Brucefield, Listowel), and situated reasonably close to an existing conservation authority 
tipping-bucket raingauge that is in the line (west to east) of the prevailing weather systems in the area. 
Table 7 summarizes the sequence of stations whose daily climate records were  utilized for the missing 
value fill-in work. For example, missing values within the AES Exeter records for the period 1960 to 
1966 were first filled-in using the Centralia Airport data (which had already been combined with the 
Huron Park records), a station that was located only a few km south when it was in operation. The 
missing values occurring between 1967 and 2004 were filled-in using the Stratford MOE records.  We 
could have used the Stratford MOE data to fill-in for missing values in the entire 1960 to 2004 Exeter 
records, but there were many gaps early in the Stratford MOE record (between 1959 and 1966), which 
were filled-in using the Centralia Airport records. Missing values had not been filled-in previously for 
either of the Centralia Airport or the Stratford MOE records. Often when missing value fill-in work is 
performed in a particular general geographical area (or watershed), the first station considered in the 
whole exercise requires several surrogate stations to account for the missing values, until there is 
sufficient ‘over lap’ within the various records to yield one ‘complete record’, that is one station of 
data with no missing values. For example, the Thunder Bay AWOS (AES Code 6048264) records 
required information from seven stations before a complete record was obtained. In the present work, 
the Exeter station was used as the primary surrogate station for most of the locations within the 
Ausable-Bayfield Conservation Authority (ABCA), whereas the Blyth records were utilized for the 
Maitland Valley CA locations. Other notable ‘surrogate’ stations in other areas were: Belleville, Delhi 
CS, Hamilton RBG CS, Haliburton 3, Minden, North Bay Airport, Toronto (or Toronto City), 
Toronto’s Pearson Airport, and Windsor Airport.  
 
In Table 7, after the Exeter and Blyth records were processed for missing values (e.g. ‘cleaned-up’), 
their processed records (that is the ‘cleaned-up records) were used in the missing value fill-in work for 
other stations. Hence, you’ll see in Table 7 that Goderich, Goderich Municipal A, Saltford and Blyth 
data were used to fill-in for missing values in the Goderich (AUT) records. Here, the Goderich, 
Goderich Municipal A, Saltford records provided the bulk of the missing-value fill-in work because 
these three stations are located much closer to the actual Goderich (AUT) station than Blyth. However, 
because the Goderich, Goderich Municipal A, Saltford records had not been ‘cleaned-up’ yet, the 
newly processed Blyth records served to fill-in for any missing values that might not have been 
accounted for yet (hence, ‘catch’ what’s left). Similar logic was applied in filling-in for missing values 
in the Guelph Turgrass records, where Guelph OAC, Guelph Arboretum, Blue Springs Creek, 
Kitchener, Waterloo Wellington 2, and Fergus Shand Dam were used as the surrogate stations. 
 
When considering any pair of stations in the missing value fill-in work, the long-term relationship in 
the measured values for the different climate variables between the stations are used directly in the data 
processing procedures. Table 8 gives the long-term mean values for the various daily climate variables 
at the Centralia Airport, Exeter and Stratford MOE stations using the AES published 1951-1980 
normals data. Using these normal values, a difference and/or ratios table is established between any 
pair of stations. The tables for the Exeter/Centralia Airport and Exeter/Stratford MOE pairing are given 
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at the bottom of Table 8.  How are these tables used in the computations? Well, suppose there is a date 
in January 1960 in the Exeter record that is missing it’s maximum daily air temperature. The 
METCLN program would scan the Centralia Airport record for that date, and reduce it’s reported 
maximum air temperature value by 0.1 C to provide an estimate for the missing value in the Exeter 
record. On the other hand, if the daily rainfall amount for that date was also missing in the Exeter 
record, then the Centralia Airport value for that date would be multiplied by a factor of 0.861 to supply 
an estimate for the missing value in the Exeter record. Similar procedures are used for missing 
minimum air temperatures, and daily snowfall totals, respectively.  Tables like those shown in Table 8 
were established for each pairing of climate stations listed in Table 7. 
 
When establishing the long-term relationship in the various climate variables between any two stations, 
the particular period of record for establishing this relationship is not particularly important, but needs 
to be of sufficient length to compute mean values (that is at least 10 years). Here, we’ve used the 1951-
80 (30 year) normals because they were readily available for the widest group of stations considered in 
the analyses. Since 1980, the AES observing network has been greatly diminished because of 
numerous station closings, and so the 1961-90 or 1971-2000 normal tables simply involves less 
stations to consider. However, in the present analyses the 1971-2000 normals were used to  establish 
the relationship between the Dashwood and Exeter stations. The Dashwood station was in operation 
for only 8 years by the time the 1951-80 normals were published, and was not included in the 1961-90 
normals because the station had not been in operation for at least 20 years. The Nairn climate station is 
relatively new, and so it’s normals are not included in the 1971-2000 tables. By running the summary 
tables (like 2, 3, 4 and 5) for 1995 to 2002 at Nairn, some mean values could be established. The 1995 
to 2002 period in the Nairn record was missing data on 3 separate dates, and so these values were filled 
in manually before computing the mean values. Then, because the duration of these mean values was 
still relatively short (less than 10 years), these mean values were averaged with the Lucan values to 
establish the relationship between the Nairn and Exeter stations.  
 
For stations where no mean values existed in the normals tables, or the existing records already had 
sufficient numbers of missing values that initial mean estimates could not be computed (e.g. all the CA 
stations), climate normals for a particular station were estimated from available records. For example, 
there were no long-term normal values for the Upper Parkhill ABCA raingauge, and so these were 
estimated as the mean of the Thedford, Nairn and Exeter values computed over the period 1993 to 
2004. The Thedford record for 1993 to 2004 was surprisely ‘clean’ (meaning no missing values), 
whereas the Nairn and Exeter had already been processed when their 1993 to 2004 mean values were 
determined. For other stations, different combinations of stations were used to establish long-term 
mean values. For instance, the AES Wroxeter records have no air temperature data, and so the mean 
temperature values were calculated as the average of Walkerton, Lucknow and Blyth. The Harriston 
normals were computed as the mean of Wroxeter and Mount Forest values, whereas the Belgrave 
normals were taken as the average of Lucknow, Wroxeter and Blyth. Similarly, the Ethel CA normals 
were taken as the mean of Blyth and Listowel, while the Summerhill normals were estimated as the 
average of the Goderich, Blyth and Brucefield values. UTRCA Plover Mills station is located  about 10 
km south of the old AES Prospect Hill station, and so the Prospect Hill normals were taken as the 
Plover Mills normals directly with no adjustments. However, the Prospect Hill mean annual snowfall 
totals appeared to be in error, as they were unreasonably low compared to the Stratford MOE, Lucan 
and London Airport, three stations that surround Prospect Hill. Consequently, the mean monthly 
snowfall totals for Plover Mills were ultimately taken as the average of the London Airport and 
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Stratford MOE values. Similarly, the AES Mitchell normals seemed unreasonable when compared to 
the Cromarty values. So, the revised Mitchell normals were taken as the average of  Cromarty, Blyth 
and Listowel, with the Cromarty values counting twice in the computation of the mean. For stations 
whose normals values had to be estimated from the values for other stations, the various combinations 
considered are noted in Table 7. 
 
Tables 9, 10, 11 and 12 show the same monthly values given in Tables 2 to 5, but now you can see 
how the monthly totals have been revised because the missing values in the records for each variable 
have been accounted for. 
 
Once all the missing values in a given climate station record have been filled-in, complete summary 
tables showing the daily values on an annual basis, as well as the monthly tables we’ve seen in Tables 
2 to 5, and 9 to 12, can be generated using METCLN. Two sample daily value tables for Exeter in 
1960 are given in Tables 13 and 14. The values in Table 13 are determined by taking the average 
between the maximum and minimum daily air temperature, a procedure that is easily handled by 
METCLN. 
 

 
Filling-in for missing values in hourly rainfall records  (To be revised on next draft) 
 
As was done for the daily climate data, monthly summaries of the available hourly rainfall depths were 
created for each station and/or rain gauge to find out how much data were missing in the available 
records. These statistics have been summarized in Table 6. Table 15 gives a sample monthly summary 
of rainfall totals recorded at the ABCA’s Exeter gauge for the period 1986 to 2005.  
 
Generally, for all the AES stations equipped with tipping-bucket rain gauges, lids are placed on the 
gauge collectors for the winter period, and so no rainfall is recorded between November 1 and March 
31 (for farther north stations, October 1 to April 30). This means that about 42% of the available 
hourly rainfall record is always missing, requiring significant missing value fill-in procedures. For 
some AES rain gauges, like those located at Waterloo-Wellington, London, and Toronto’s Pearson 
Airports, hourly rainfall have been available during the winter months in the past, but this practice has 
been discontinued as more automatic stations are being installed. 
 
All of the ABCA and MVCA rain gauges operate all year round, but none of them are fitted with 
heaters to permit them to record snowfall amounts properly. Consequently, snow builds up within the 
gauge funnel, and once full, excess snow is blown off the collector by the wind. Then, on a subsequent 
day when the sun is shining brightly, the rain gauge funnel heats up, and the accumulated snow begins 
to melt, and is recorded by the tipping-bucket gauge. The recorded ‘rainfall’ amounts on dates when 
these snowmelt episodes occur had to be removed from the records. The daily surrogate climate station 
(see Table 7) closest to the tipping-bucket gauge location was used to identify the gauge specific 
snowmelt amounts. For the ABCA’s Exeter gauge, Table 16 gives the monthly rainfall totals that result 
when the snowmelt amounts are removed from the hourly record. Examination of Tables 15 and 16 
reveals that these snowmelt episodes can have a significant impact on the totals. For example, in Table 
15 we see that there are 2421 days with measurable rainfall amounts, but when the snowmelt amounts 
are removed, this total drops to 1958, a reduction of 19%. As well, the number of days with missing 
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data increases from 550 days to 627, an increase of 14%. Moreover, the mean annual rainfall total 
drops from 706 mm to 642 mm, a decrease of 9%. 
 
Once the hourly rainfall record has been processed to remove the snowmelt amounts, the task of 
building the table of top ten 24 hour rainfall patterns for each month can take place. Recall, that in the 
Schroeter et al. (2000) paper, these representative patterns are used to fill-in for dates when there are 
no hourly rainfall amounts. In order to build rainfall pattern tables with representative patterns for each 
month of the year, sometimes the records for one or more gauges needs to be combined. Recall, that 
the AES tipping-bucket gauges are closed for the period November 1 to March 31 (and October 1 to 
April 30 in northern Ontario), and so these records usually need to be combined with a gauge record 
including winter rainfall. Table 17 gives the top ten rainfall patterns in each month for the ABCA 
Exeter rain gauge, whose records have been combined with those from the AES Centralia Airport and 
Fullerton. Notice that these patterns are given on a synoptic day (8 am on first day to 8 am the next 
day) basis so they can agree with the available daily rainfall totals, which are usually recorded 
according to the synoptic day (from 8 am to 8 am).  
  
Table 18 lists which daily climate stations were used to correct the hourly rainfall amounts, recorded 
by selected CA rain gauges, that have been in some places combined with other data (e.g. AES gauges) 
to fill out the record. For example, the MVCA Harriston gauge record has been combined with the 
AES Mount Forest data, whereas the Goderich (AUT) data are the combination of several several 
records (e.g. Goderich, Goderich Airport, MVCA Benmiller and Falls Reserve). For the present study, 
resulting hourly rainfall record file utilizes the same name as the associated daily climate record. For 
example, the corrected hourly rainfall data for Nairn used the daily rainfall amounts from the Nairn 
records, and the measured hourly rainfall depth for the ABCA Springbank gauge. For the most part, 
the hourly rainfall depths for the period 1960 to 2004 utilized the patterns measured at the stated 
gauges or combination of gauges, but the rainfall totals were made to agree (‘corrected’) with the 
measured daily rainfall totals. However, for specific dates where no measured hourly data existed, 
patterns taken from tables like 17 were inserted into the records, and the 24 hour totals made to agree 
with the daily rainfall totals. Table 19 presents the monthly rainfall totals that result from these 
procedures for the Exeter gauge. If you compare this table with Table 12, you’ll see some of the 
differences in totals that arise from how the rainfall data in each record were collected, and archived. 
Recall, that the values of the daily climate variables are recorded according to the ‘synoptic day’ (that 
is 8 am to 8 am), whereas the hourly rainfall depths are totalled over the 24 hour clock (that is 
midnight to midnight). In both tables (12 and 19), we see that the mean annual rainfall total of 781.6 
mm are essentially the same. We would expect this because we calibrated the 24 hour rainfall totals in 
the hourly records to agree with the same totals in the daily rainfall records. However, other properties 
within each record show these differences more clearly. For example, in the 45 year daily rainfall 
record for the Exeter gauge (Table 12), we see that the number of days where the rainfall totals were 
measurable (that is greater 0.2 mm) is 4704 days, whereas in the hourly records (Table 19), we see that 
5433 days had totals greater than 0.2 mm. 
 
Once the hourly rainfall data were corrected for all the stations listed in Table 18, summary tables, like 
Table 19, were created for each station, as well as annual summaries for daily amounts (like Table 14). 
Volume-duration-frequency (VDF) tables were generated at the same time, a sample of which is given 
in Table 20 for the Exeter gauge. Such a table can be used to develop rainfall intensity-duration-
frequency (IDF) relationships following the completion of single station frequency analyses. 
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All the final summary tables noted in this and the previous sections are stored on the accompanying 
CD-ROM in separate folders. 
 
 
Converting ‘processed’ or ‘cleaned-up’ data to other formats 
 
The last task involved converting the processed or ‘cleaned-up’ data files to different formats for uses 
in other hydrologic models or computational procedures. As noted earlier, all the data processing for 
the missing-value fill-in work (using the METCLN program) utilized input and output files that were 
in the AES compressed daily and hourly formats. These files are immediately available for input to 
hydrologic software programs like GAWSER (Guelph All-Weather Sequential-Events Runoff model), 
SWMM and MIDUSS, because those programs can read the AES formats. However, there are 
numerous other programs for which the meteorological input data are required, but these cannot read 
the AES compressed formats. Consequently, the DTRANS program was modified to provide a full 
slate of output data formats for various programs. All of these data files have been burned onto a CD-
ROM, whose contents are listed here and summarized in Table 21.  
 
For the SWAT program, there are a total of six folders. The \SWATDAY folder has daily temperature 
and precipitation data files containing the entire 1950 to 2005 record for each station given. These files 
may be too large for input to SWAT directly, but they do give you (the user) another format option for 
daily data. Consequently, five additional SWAT folders are given. The \SWAT5060 folder contains 
data for the given stations for the period January 1, 1950 to December 31, 1960, whereas the 
\SWAT6070 folder gives data for January 1, 1960 to December 1970. Similarly, the \SWAT7080, 
\SWAT\8090, and \SWAT9005 folders have been given. 
 
Since all the files are ASCII text files,  you can see the data and its format by just opening the files 
with any text editor that has sufficient capacity to open them. In some cases, the HEC LIST.COM 
browser has been provided to let you look at very large files (as high as 200 or 300 MB), like those in 
the \COLHR1 and \COLHR2 directories. You can run LIST.COM at the MS-DOS prompt by typing 
LIST, and hitting return. The program will ask you for the name of the file you wish to browse. A built 
in menu at the bottom of the screen helps you navigate through the file.You can also run LIST from 
WINDOWS EXPLORER, by double clicking the filename. Here, LIST again will ask you for the 
name of the file, and the program’s usage is the same as at the MS-DOS prompt.  
 
As an aid to helping you open the ASCII text files, an additional document has been provided with the 
title, Instructions for Opening Meteorological Data Files. It’s in the \REPORT folder. 
 
Some of the daily data formats required estimates of the equivalent water content for the snowfall 
depth. From experience, we have found that the 1 in 10 rule is not adequate, as the relative density of 
new snow is very definitely a function of the air temperature. In these situations, the following formula 
is used to compute the equivalent water content of new snow: 
 
[1]      SNOWE = SNOW * Alpha * exp (Beta*TAIR) 
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where SNOWE is the equivalent snow water content (in mm), SNOW is the observed snow fall depth 
(in mm), Alpha and Beta are constants, and TAIR is the mean daily air temperature in (degrees) C. For 
theses applications the parameters ‘Alpha’ and ‘Beta’ were set at  values based upon experience, or 
Alpha=0.120 and Beta=0.080. Other values for Alpha and Beta (such as: Alpha=0.108 and 
Beta=0.0835; and Alpha=0.125 and Beta=0.119) have been reported in the Handbook of Snow (Male 
and McKay, 1981). 
 
 
Please note:  A copy of this memo report is given in a separate folder on the CD-ROM, together with 
the spreadsheet containing the climate normals information. These are all stored in the \REPORT 
folder (or directory). 
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Table 21 Contents of CD-ROM 

 
Folder/Directory 

Name 
 

Comments of data formats found there 
DAYSUM Contains annual summaries of the daily climate data for each year in a particular 

station record. Samples of these completed tables (that is no missing data) are 
shown in Tables 13 and 14. 

HOURSUM Contains monthly and annual summaries for the hourly rainfall depths that were 
processed for all gauges considered. This includes the top 10 representative 
storm pattern tables, as well as the volume-duration-frequency tables. Samples 
of the tables presented in this directory are given in Tables 17, 19, and 20. 
Note: all files in \DAYSUM and \HOURSUM are ASCII text files and one can read them with 
NOTEPAD, WORDPAD, EDIT and MS-WORD. 

MONTHSUM Contains monthly summaries of the daily climate data for each station 
considered in this study. Samples of these completed tables (that is no missing 
data) are shown in Tables 9 to 12 

AESDAY Contains all the completed daily climate data files for each station considered in 
Table 7 in AES compressed format. These data can be immediately read by the 
GAWSER software package. 

AESHOUR Contains all the completed hourly rainfall data files for the stations/gauges 
considered in Table 18 in AES compressed format. These data can be 
immediately read by the GAWSER software package. 

COLDAY1 Daily column structure files giving yyyy/mm/dd, max, min, rain, snow and 
precipitation on each line in the file. 

COLDAY2 Similar to files in \COLDAY1, but with a slight difference in how the date is 
specified (no backslash between elements of date, as  yyyy mm dd) 

COLDAY3 Similar to files in \COLDAY2, but they have been arranged in comma delimited 
format. Each file has the *.CSV extension. The elements of the date (yyyy mm 
dd) are in separate columns. 

COLHR1 Hourly data column structure files giving yyyy/mn/dd, hour, rain depth on each 
line in the file. 

COLHR2 Similar to the files in \COLHR1, except date given as mm/dd/yy, the hour 
expressed as 01:00:00, and the rainfall depth. Note that the year is two digits. 

SWATDAY Daily max and min air temperature, and daily precipitation files formatted for input to the 
SWAT program. The daily temperatures are given in files with the .TMP extension, and the 
daily precipitation is given in .PCP files. In separate subdirectories, SWAT5060, SWAT6070, 
SWAT7080, SWAT8090, and SWAT9005, the SWAT formatted data have been grouped into 
10 year periods. For instance, \SWAT7080 contains all the data from January 1, 1970 to 
December 31, 1980. SWAT9005 has data for 1990 to 2005. 

REPORT Contains copies of this memo report, full versions Tables 1, 6 and 7 in separate 
MS-WORD files, as well the document, Instructions for Opening 
Meteorological Data Files.  A copy of the research paper noted on page 1 is 
also contained in this folder. 

NOTE: All files are ASCII txt files. 
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Figure 1  Regions for processing the meteorological data in Ontario 
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Table 1 – Summary of daily climate information available from Atmospheric Environment Services (AES) 
 

Region 1 - Southwestern Ontario 
 
                                Station     (Degrees)     ELEV   Year   First Recent  Minimum      Mean    Maximum 
Location Name                   ID Code   Lat     Long    (m)    Count  Year   Year    (Daily Observation Count) 
AILSA CRAIG                     6140091   43.15  -81.53   228.6      5   1968   1972        60       284       365 
ALLAN PARK                      6110210   44.17  -80.93   285.0      2   1975   1976       134       222       309 
ALVINSTON                       6120250   42.87  -81.88   221.0      5   1965   1969        92       211       303 
AMHERSTBURG                     6130257   42.10  -83.09   182.0     18   1988   2005        13       322       366 
APPS MILL                       6140286   43.13  -80.38   230.1      1   1972   1972        54        54        54 
ARKONA                          6120315   43.03  -81.92   182.9     34   1882   1915        90       337       366 
ARTHUR                          6140348   43.82  -80.57   452.0     25   1964   1988         9       300       366 
AYLMER                          6130409   42.77  -80.98   228.6     26   1948   1981        81       297       366 
AYLMER                          6130411   42.77  -80.98   232.0      9   1996   2004        60       309       366 
AYLMER 2                        6130415   42.77  -81.00   231.6      2   1958   1961        59       106       153 
AYLMER ONT HYDRO                6130420   42.78  -80.98   235.9     18   1983   2000        92       320       366 
AYR                             6140437   43.28  -80.45   289.6      6   1956   1961         2       294       366 
AYTON                           6110439   44.08  -80.83   361.0      6   1988   1993        56       277       365 
BELGRAVE                        6120670   43.80  -81.38   335.3      3   1962   1964       239       272       306 
BLENHEIM                        6120795   42.67  -82.02   205.1     15   1883   1897       242       343       366 
BLUE SPRINGS CREEK              6140818   43.63  -80.12   373.4     15   1966   1980        72       313       366 
BLUE ACTON                      6150HA7   43.60  -80.05   365.8      3   1974   1976        91       229       365 
BLUE CORWHIN                    6140Q17   43.53  -80.12   350.5      3   1974   1976        91       229       365 
BLUE ROCKWOOD                   6140QAG   43.58  -80.12   350.5      3   1974   1976        91       213       365 
BLUE SCOUT                      6140QJ7   43.62  -80.08   342.9      3   1974   1976        91       231       365 
BLYTH                           6120819   43.72  -81.38   350.5     47   1959   2005         1       335       366 
BOGNOR                          6110823   44.67  -80.83   249.9     18   1883   1900       122       339       366 
BRANTFORD                       6140941   43.13  -80.27   205.7     80   1876   1963        30       325       366 
BRANTFORD BRANT PARK            6140948   43.15  -80.30   213.4      2   1972   1973        37       184       334 
BRANTFORD MOE                   6140954   43.13  -80.23   196.0     46   1960   2005        32       335       366 
BRANTFORD MORELL                6140951   43.15  -80.28   198.1      6   1959   1964       245       335       366 
BRUCEFIELD                      6121025   43.55  -81.55   259.1     91   1903   1993        61       351       366 
BRUCE ONTARIO HYDRO             61210K7   44.33  -81.58   179.8      7   1971   1977       151       326       366 
BRUSSELS                        6121030   43.73  -81.23   339.9      3   1965   1967        61       173       304 
BURFORD                         6141040   43.10  -80.43   259.1      2   1970   1971        62        92       122 
CAIRO                           6121067   42.70  -81.90   198.1      3   1965   1967       120       223       365 
CALEDONIA                       6131081   43.08  -79.95   205.7     36   1931   1966       254       350       366 
CAMBRIDGE GALT MOE              6141095   43.33  -80.32   268.2     70   1879   1994         2       302       366 
CAMBRIDGE-STEWART               6141100   43.35  -80.30   289.0     28   1973   2000         1       315       366 
CAMLACHIE                       6121123   43.03  -82.18   192.0     10   1959   1968       182       344       366 
CANBORO                         6131165   42.97  -79.58   182.9     26   1946   1971       110       339       366 
CANFIELD                        6131167   43.00  -79.75   189.0      3   1969   1971        35       214       334 
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Table 2 
 

Monthly Maximum Daily Temperatures (Deg. C) for EXETER                           6122370 
 
 YEAR      JAN       FEB       MAR       APR       MAY       JUN       JUL       AUG       SEP       OCT       NOV       DEC    MEAN 
 1961     ---       ---       ---       ---       ---       ---       ---       ---       ---       ---       ---       ---      0.0 
 1962     ---       ---       ---       ---       ---       ---       ---       ---       ---       ---       ---       ---      0.0 
 1963     ---       ---       ---       ---       ---       ---       ---       ---       ---       ---       ---       ---      0.0 
 1964     ---       ---       ---       ---       ---       ---       ---       ---       ---       ---       ---       ---      0.0 
 1965     ---       ---       ---       ---       ---       ---       ---       ---       ---       ---       ---       ---      0.0 
 1966     ---       ---       ---       ---       ---       ---       ---       ---       ---       ---       ---       ---      0.0 
 1967     ---       ---       ---       ---       ---       ---       24.3      23.8      20.7      13.6       3.1       1.5    14.5 
 1968     -4.0      -3.6       5.3      14.2      16.1      23.1      25.4      25.6      22.3      14.6       6.1      -1.2    12.0 
 1969     -2.4      -1.0       1.5      12.7      17.4      21.4      26.5      27.3      21.7      13.4#      6.2#     -1.4#   12.0 
 1970     -6.1#     -2.8#      1.0#     12.5      19.1      24.0      26.1      25.9      20.4      15.5       6.9       0.0    11.9 
 1971     -4.6#     -1.4       0.3       9.3      18.2      25.7      25.2      24.6      22.4      18.2       6.2       2.9    12.3 
 1972     -2.2#     -3.4#     -0.2       8.3#     19.5      20.4      25.6      24.3      21.0      10.9       3.8       0.4#   10.7 
 1973     -0.8      -2.7       7.5      11.2      15.6      24.0      26.1#     26.5      21.4      17.2#      6.2      -0.4    12.6 
 1974     -0.9      -3.7       2.5#     12.5      15.5      22.5      26.5      25.4      19.4      13.1       7.0       0.8#   11.7 
 1975     -0.6#     -1.7       0.5       6.7      21.6      24.1      26.8      24.4      17.6      15.6      12.2       0.4    12.3 
 1976     ---        2.7#      6.2#     12.6#     16.7      26.3      24.9      23.9      19.5      11.1       3.0      -3.3    13.1 
 1977     -8.0      -3.6       6.5      14.0      22.0      21.9      26.6      23.6      20.0      12.6       7.9      -0.4    11.9 
 1978     -5.1      -6.2       0.0       8.0      18.5      22.8      25.1      25.8      21.9      13.5       7.7       0.8    11.1 
 1979     -4.7      -6.5       7.2       8.9      17.4      23.7      24.9      23.9      22.0      12.4       7.1       2.4    11.6 
 1980     -1.5      -3.5       1.7      10.5      18.9      21.1      25.4      26.2      20.9      10.6       5.1      -1.8    11.1 
 1981     -5.1       0.1       3.6      11.9      16.8      23.2      26.3      24.8#     18.7      11.4#      7.8#     -0.2    11.6 
 1982     -4.7#     -3.8       1.7#     10.0#     21.5      20.3      25.7      22.5      19.6      15.4#      7.3       4.8#   11.7 
 1983     -1.4#      1.0#      5.3#      8.8      15.0      24.2      27.3      25.6      22.1      14.0       7.4#     -2.5#   12.2 
 1984     -4.9#      2.5#      0.0#     12.4#     15.8#     25.2#     25.2#     25.9      19.2      16.8#      6.4#      3.3#   12.3 
 1985     -4.1#     -2.7       4.0#     14.7#     20.2      21.2#     24.8      24.0      ---       14.5       6.0      -2.8    10.9 
 1986     -2.9      -3.4#      5.9#     13.0#     19.6      22.5      25.2      23.1      19.9#     13.5#      4.4#      0.9#   11.8 
 1987     -2.1#     -1.1       6.0#     13.7      21.8      25.6      28.6      24.4      21.3#     11.1#      7.4       2.1    13.2 
 1988     -1.7      -2.5       4.0#     11.0      20.7      24.5      28.8      27.0      20.8      10.0       8.3       0.3    12.6 
 1989      1.7      -3.8       3.0#      9.1      17.9      23.2      27.3      24.7      19.8      14.7       5.1      -5.8#   11.4 
 1990      1.5       0.1       5.7      12.6      16.5      22.7      25.0      24.2      19.7      13.9       8.7       2.1    12.7 
 1991     -2.6       0.7       4.9#     12.7      22.1      25.2      25.6      25.5      20.4      14.3       5.6       1.2    13.0 
 1992     -1.2      -0.4       4.0#      9.2      18.9      21.2      22.3      22.1      20.1      12.2       5.5       1.5    11.3 
 1993     -0.5      -4.0       2.0      11.1      18.2      22.6      25.8      25.7      17.4      12.5       5.8       0.4    11.4 
 1994     -7.4      -4.6       2.4      12.7      16.2      24.4      25.6      23.2      20.9      14.8       8.7       3.0    11.7 
 1995     -0.3      -3.3       6.0       8.0      18.1      25.7      26.1      26.8      19.8      15.4       3.4      -2.0    12.0 
 1996     -3.1      -2.0       2.3#      8.5      17.1      23.2      24.1      25.9      20.3      13.9       3.5       1.4    11.3 
 1997     -2.3       1.3#      3.5      10.3      13.5      25.2      25.1      22.8      20.3      14.0       4.5#      1.3    11.6 
 1998      0.8       2.9       5.1      13.0      22.8      24.4      26.4      26.8      24.0      15.7       8.1       4.4    14.5 
 1999     -2.6       2.0       3.2      12.8      21.5      25.7      28.5      24.3      23.3      13.6       8.9       2.4    13.6 
 2000     -1.1       1.3       9.4      11.2      19.7      23.8      24.0      24.1      20.5      15.9       6.2#     -4.4    12.5 
 2001     -1.8      -0.7       2.2      13.4      19.6      24.1      26.1      27.3      20.7      13.9      10.6       3.8    13.3 
 2002      1.4       1.8       4.1      11.5      15.8      24.3      28.4      26.4      25.1      12.8       4.8       0.0    13.0 
 2003     -4.9      -4.2       3.3      10.5      16.7      23.1      25.6      26.1      21.6      13.0      ---       ---     13.1 
 
        Monthly Totals Summary 
 MEAN     -2.1      -1.4       3.1       9.4      15.4      19.7      22.3      21.5      17.4      11.8       5.4       0.4    10.5 
 
 MAX       1.7       2.9       9.4      14.7      22.8      26.3      28.8      27.3      25.1      18.2      12.2       4.8    14.5 
 Year     1989      1998      2000      1985      1998      1976      1988      1969      2002      1971      1975      1982    1998 
 MIN      -8.0      -6.5      -0.2       6.7      13.5      20.3      22.3      22.1      17.4      10.0       3.0      -5.8     0.0 
 Year     1977      1979      1972      1975      1997      1982      1992      1992      1993      1988      1976      1989    1961 
 
        Daily Totals Summary  (Note: MD=Missing Dates) 
 MAX      14.5      19.5      25.0      29.0      32.0      37.0      36.0      35.5      33.5      28.9      21.5      18.0    37.0 
 
 Year     1995      2000      2000      1985      1977      1988      1987      2001      2002      1967      1999      1982    1988 
 Date      13        26         8        22        21        25        18         8         8         4         9         3 
 MIN     -22.0     -19.0     -18.0      -6.1       2.8       8.5      15.0      14.5       8.0       0.6      -8.9     -14.5   -22.0 
 Year     1994      1980      1978      1972      1974      1992      1997      1986      1989      1969      1976      1989    1994 
 Date      19        29         6         7         6        20         4        27        23        22        29        21 
 
  MD      273       218       260       217       218       212       188       187       212       202       225       239    2651 
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Table 3 
 

Monthly Minimum Daily Temperatures (Deg. C) for EXETER                           6122370 
 
 YEAR      JAN       FEB       MAR       APR       MAY       JUN       JUL       AUG       SEP       OCT       NOV       DEC    MEAN 
 1961     ---       ---       ---       ---       ---       ---       ---       ---       ---       ---       ---       ---      0.0 
 1962     ---       ---       ---       ---       ---       ---       ---       ---       ---       ---       ---       ---      0.0 
 1963     ---       ---       ---       ---       ---       ---       ---       ---       ---       ---       ---       ---      0.0 
 1964     ---       ---       ---       ---       ---       ---       ---       ---       ---       ---       ---       ---      0.0 
 1965     ---       ---       ---       ---       ---       ---       ---       ---       ---       ---       ---       ---      0.0 
 1966     ---       ---       ---       ---       ---       ---       ---       ---       ---       ---       ---       ---      0.0 
 1967     ---       ---       ---       ---       ---       ---       13.7      12.6       8.0       5.6      -2.6      -4.0     5.5 
 1968    -11.4     -11.4      -4.2       2.9       5.5      11.5      ---       13.9      12.9       5.9       0.2      -8.0     1.6 
 1969     -8.3     -10.2      -6.5       3.0       6.3      10.5      15.1      14.4      10.4       4.3#     -0.7#     -7.1#    2.6 
 1970    -14.5#    -11.6#     -6.3#      3.1       7.9      12.0      15.7      13.6      11.5       6.9       1.2      -6.9     2.7 
 1971    -11.9#     -8.2      -9.0      -0.7       5.1      13.6      14.0      12.7      12.9       8.9      -0.2      -3.8     2.8 
 1972    -10.1#    -11.6      -7.4      -1.4#      8.1       9.7      14.9      14.0      10.6       2.6      -0.8      -6.5#    1.8 
 1973     -8.4     -11.4       0.1       2.7#      6.5      14.4      15.4#     15.8       9.3       7.2#      0.6      -6.8     3.8 
 1974     -7.7     -12.0      -5.0#      1.7       5.1      12.1      13.3      14.3       8.1       2.9      -0.2      -4.7#    2.3 
 1975     -7.4#     -7.8      -6.4      -1.5       9.7      13.5      14.3      14.4       8.6       5.0       1.6      -6.8     3.1 
 1976     ---       -7.0#     -4.7#      1.4#      4.8      12.1      12.4      11.8       8.7       2.3      -3.7     -11.5     2.4 
 1977    -16.8     -10.7      -1.4       2.7       7.5      10.7      15.4      13.4      11.3       4.0       1.0      -7.5     2.5 
 1978    -12.8     -17.3      -9.9      -0.9       8.3      11.2      14.0      13.6      11.0       3.3      -1.9      -6.3     1.0 
 1979    -12.2     -15.0      -2.4       0.6       6.6      10.9      13.5      13.3       9.2       4.7      -0.9      -4.9     2.0 
 1980     -9.4     -12.9      -7.4       1.8       6.8       9.6      14.7      16.2       8.8       2.3      -1.5     -10.2     1.6 
 1981    -13.5      -7.4      -5.0       1.0       5.8      12.6      15.0      14.8      10.5       2.2      -1.0      -6.7     2.4 
 1982    -14.5#    -12.1      -6.5#     -0.6#      9.5      10.3      14.8      11.9      10.6       4.9#      0.5      -4.2#    2.0 
 1983     -8.5#     -5.6#     -2.8       0.3       4.3      12.1      15.3      15.3      10.6       5.6       0.4     -11.0#    3.0 
 1984    -13.1      -5.3#     -8.0       2.6       5.1      13.7      14.1      14.6       9.7#      5.4      -1.0#     -3.3     2.9 
 1985    -10.0#    -10.1      -3.9#      3.7#      7.9      10.2      14.6      13.7      ---        5.3       0.9      -8.7     2.1 
 1986     -9.3      -9.6#     -4.0#      3.0#      8.7      11.1      15.6      13.5      10.8       5.6#     -1.8#     -3.8#    3.3 
 1987     -7.8#    -10.3      -2.8#      3.5       8.0      14.0      17.2      14.7      11.9       3.4#      0.6      -2.1     4.2 
 1988     -9.5     -10.2      -4.9#      1.8       7.8      10.5      16.8      16.7      10.0       3.7       1.6      -5.6     3.2 
 1989     -6.1      -9.4      -5.6#      0.7       7.4      13.5      15.4      14.0       9.9       5.6      -1.2     -13.0#    2.6 
 1990     -4.6      -6.6      -2.0       3.5       6.0      12.5      14.9      14.3      10.2       4.9       1.1      -4.8     4.1 
 1991     -8.8      -6.0      -3.5#      4.1      11.3      14.3      15.1      15.4      10.0       6.3      -1.4      -5.5     4.3 
 1992     -6.6      -7.5      -4.8#      0.6       6.8      10.2      12.8      12.5      10.1       2.7       0.3      -3.7     2.8 
 1993     -6.8     -12.8      -6.4       1.3       6.6      11.8      16.4      15.0       8.5       3.7      -0.2      -5.2     2.6 
 1994    -16.3     -13.8      -5.4       1.8       5.3      13.1      15.4      12.7      10.2       5.3       1.6      -3.6     2.2 
 1995     -5.9     -12.7      -4.1      -0.8       7.0      13.8      16.4      16.7       7.7       6.4      -2.7      -8.8     2.7 
 1996    -11.3     -10.3      -7.4#     -0.2       6.9      14.1      14.1      13.9      11.2       5.3      -2.7      -3.5     2.5 
 1997    -10.5      -7.6#     -3.6       0.1       4.1      13.1      14.8      12.4      10.1       4.0      -1.5#     -3.7     2.6 
 1998     -4.1      -3.9      -2.4       2.1      11.4      12.8      15.3      15.3      11.7       6.1       1.5      -3.4     5.2 
 1999    -10.1      -5.7      -5.2       3.1       9.4      14.9      17.2      13.5      11.0       4.2       1.4      -4.2     4.1 
 2000     -9.2      -7.3      -0.7       1.5       9.2      13.8      14.1      14.0      10.7       6.3       0.2#    -11.1     3.5 
 2001     -8.8      -7.3      -4.8       2.3       9.5      13.0      14.9      16.1      10.5       6.4       3.8      -1.8     4.5 
 2002     -3.8      -6.1      -4.5       2.7       5.1      14.5      16.5      16.1      13.4       4.8      -0.8      -6.4     4.3 
 2003    -11.0     -13.2      -6.5      -0.2       7.0      11.8      15.4      15.5      11.4       4.8      ---       ---      3.5 
 
        Monthly Totals Summary 
 MEAN     -7.9      -8.1      -4.1       1.2       6.0      10.3      12.5      12.2       8.6       4.2      -0.2      -5.1     2.6 
 
 MAX      -3.8      -3.9       0.1       4.1      11.4      14.9      17.2      16.7      13.4       8.9       3.8      -1.8     5.5 
 Year     2002      1998      1973      1991      1998      1999      1987      1988      2002      1971      2001      2001    1967 
 MIN     -16.8     -17.3      -9.9      -1.5       4.1       9.6      12.4      11.8       7.7       2.2      -3.7     -13.0     0.0 
 Year     1977      1978      1978      1975      1997      1980      1976      1976      1995      1981      1976      1989    1961 
 
        Daily Totals Summary  (Note: MD=Missing Dates) 
 MAX       7.5      10.0      15.5      17.5      21.0      23.5      25.0      24.5      21.5      18.5      14.0      12.0    25.0 
 
 Year     1998      2000      1998      2002      1991      1997      1993      1988      1991      1979      1990      1982    1993 
 Date       6        27        31        17        30        25         6         4        16        21        28         3 
 MIN     -30.0     -27.0     -27.0     -13.9      -3.9      -1.1       5.5       1.5      -1.5      -7.8     -13.0     -23.5   -30.0 
 Year     1994      1978      1978      1972      1970      1972      1979      1982      1993      1969      1996      1995    1994 
 Date      19         3         1         7         6        10         5        28        30        22        15        27 
 
  MD      271       215       252       219       217       210       218       186       211       198       220       237    2654 
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Table 4 
 
                           Monthly   Total Rainfall Depths (mm)        for EXETER                           6122370 
 
 YEAR      JAN       FEB       MAR       APR       MAY       JUN       JUL       AUG       SEP       OCT       NOV       DEC   TOTAL 
 1961     ---       50.6      33.0      59.4      78.2      71.2       105      71.1      68.6      74.9      60.0      34.3   706.0 
 1962     25.5       7.6      12.5      62.6      50.9      87.9      40.2#      104      67.9       136      53.4      49.8   698.3 
 1963                8.9      57.2      69.7      72.8      45.4      52.4      38.4      37.7      21.1      92.9       6.4   502.9 
 1964     37.7       4.4      53.3      91.5      65.4      52.0       121       277      40.6      69.5      14.0#     56.4   883.6 
 1965     42.4      19.1      19.2      72.7      64.9      20.9      83.0       100      55.2       136      92.9      55.2   761.9 
 1966               39.4      54.7      59.8      66.6       120      50.1       112      78.4      55.5       140      91.1   867.3 
 1967      5.1                 6.4      91.3      57.9       144      58.4       121      88.9       116      66.6      73.7   828.5 
 1968     50.0      24.1      37.1      64.8      42.1      87.1      44.2      58.0       105       128      72.3      42.4   755.0 
 1969     42.1                16.8       112       108      46.6       140      24.6      23.8      74.4      92.9      20.1   700.6 
 1970                         29.3      84.9      92.1      49.6       190      47.7      96.9      62.0      59.5      40.6   752.4 
 1971      5.0      30.5       2.8      30.3      19.7      33.5      74.7       175      61.7      30.2      35.8      80.8   579.5 
 1972     10.7                38.6      65.5      99.4      55.4      47.6      45.8      80.2       139      45.1       101   728.6 
 1973     24.9      13.2       128      58.2      92.8      87.4      31.0      35.5      38.8      91.6       108      33.0   741.9 
 1974     50.6      39.1      50.4      90.9       145      93.8      38.1      44.7      62.0      38.4       102      12.6   767.7 
 1975     72.6      42.2      42.2      72.6      75.6      92.8      39.2       177      64.9      31.8      61.0      38.1   809.6 
 1976     ---       32.2       122      77.9      81.6      76.9       210      83.5       116      68.1      21.1       9.1   897.8 
 1977               25.5      58.9      52.6      12.4      84.7      41.8       140       189      51.3      84.0      35.4   775.8 
 1978     22.0                28.7      58.6      74.6      56.2      34.3      75.5       160      88.8      29.1      60.5   687.9 
 1979      6.7       4.0      42.2       112      54.4      62.8      79.2      47.2      37.4       149       137      78.4   810.3 
 1980     15.0       1.5      41.0      97.7      65.2      91.2       130      49.3       106       129      33.2      26.4   785.5 
 1981               15.1      31.4      88.6      78.8      67.4      52.2       113       137       108      63.1      26.3   781.3 
 1982      7.2       0.8      47.6      46.0      84.1      78.6      51.0       107       119      46.8       118      73.2   780.3 
 1983     18.2      26.2      32.8      91.8       117      49.8      64.4      69.6       128      54.8      75.8      20.2   748.8 
 1984               29.8      48.6      69.2       104       110      61.2      90.8       129      52.2       118      70.3   882.6 
 1985     22.6      74.4      68.7      46.9      56.8      58.6      78.2       129      ---        101       127       0.8#  764.1 
 1986     14.6      14.4      27.9      73.8      58.8       133       140       120       318       102      21.8      29.4  1052.5 
 1987      4.2      13.0      24.4      37.7      48.2      31.2      39.0      80.0       102       121       107      69.6   676.9 
 1988     29.2      16.6      30.2      52.9      54.0      14.6      66.7      61.9      99.0       209       103      35.8   772.3 
 1989     49.7                38.6      32.7       102      55.3      13.0      79.1       124      66.4      69.2      17.0   647.1 
 1990     44.8      40.3      54.9      64.2      83.6      78.0       173       107       151       133      96.1      70.5  1096.2 
 1991      1.5      18.0      83.6      95.2      78.4      30.9       103      60.6      45.9       111      76.0      31.0   734.6 
 1992     30.8      45.6      28.2       151      54.3      72.5       169       131       128      50.3       115      46.6  1021.6 
 1993     65.5                 5.0      76.9      46.0       142      84.6      70.2       138      69.0      52.5      15.6   764.8 
 1994     38.2                34.4      94.3      76.7       118      81.6      54.8      57.4      90.1      68.6      35.9   750.3 
 1995     48.8       4.0      38.2      92.2      76.3      68.8      76.4      57.6      38.1       116       113      11.8   741.7 
 1996     35.9      35.0       3.0       138       103       164      87.1      46.2       344      74.8      41.9      58.6  1131.5 
 1997     22.6      64.2      54.8      37.2       123      51.1      76.1       119      72.4      65.2      38.8      18.0   742.2 
 1998     65.4      26.0      61.0      40.8      40.6      25.4      86.8       109      23.6      56.4      77.6      48.0   660.8 
 1999     34.2      37.4       0.4      64.6      69.2      54.0      52.0      56.0      83.8      63.8      62.0      57.4   634.8 
 2000      9.8      27.0      34.2      68.4       144       192       267      34.2       166      34.4      45.4      29.0  1050.8 
 2001     14.8      69.8       8.8      45.8      62.6      68.0      20.4      67.8       143       156       102      26.4   785.6 
 2002     13.4      32.4      35.2      87.0       116      63.9      95.0      17.4      58.0      60.6      52.8      19.2   650.5 
 2003               10.0      17.6      79.0       110      83.4      65.4      50.0       133      96.4      ---       ---    645.2 
 
        Monthly Totals Summary 
 MEAN     22.8      21.9      39.1      73.4      76.9      76.0      84.0      85.1     100.4      86.7      73.1      40.8   780.4 
 
 MAX      72.6      74.4     127.8     150.8     144.9     191.7     267.2     277.4     344.3     208.7     140.0     101.3  1131.5 
 Year     1975      1985      1973      1992      1974      2000      2000      1964      1996      1988      1966      1972    1996 
 MIN       0.0       0.0       0.4      30.3      12.4      14.6      13.0      17.4      23.6      21.1      14.0       0.8   502.9 
 Year     1963      1967      1999      1971      1977      1988      1989      2002      1998      1963      1964      1985    1963 
 
        Daily Totals Summary  (Note: MD=Missing Dates) 
 MAX      27.4      36.4      38.9      66.0      66.0      73.0     159.0      76.2     143.2      68.6      53.0      50.8   159.0 
 
 Year     1993      1985      1974      1979      1974      1993      2000      1964      1986      1972      1984      1966    2000 
 Date       4        23         4        13        16        20         9         1        10        22        11         6 
 
 MX2D     46.4      52.8      43.7      66.0      66.0     103.0     159.0     133.9     174.8      84.1      68.6      82.0   174.8 
 Year     1993      2001      1976      1979      1974      1993      2000      1964      1986      1972      1966      1966    1986 
 Date       4         9         2        13        16        20         9         2        11        22        10         7 
 
 MX3D     50.9      60.2      56.7      68.0      85.3     103.8     159.0     133.9     179.8      96.0      73.9      88.6   179.8 
 Year     1993      1985      1976      1979      1974      1993      2000      1964      1986      1972      1966      1966    1986 
 Date       4        23         3        15        16        21         9         2        12        23        11         8 
 
  MD       62         0         0         0         0         0         2         0        30         0        31        32     157 
 #> 0     147       129       270       463       467       437       387       427       480       565       447       227    4446 
 #> 5      78        58       126       203       217       191       190       195       226       240       201       117    2042 
 #>10      34        39        54        98       104       111       110       121       144       117       116        54    1102 
 #>15      17        15        24        55        55        68        76        78        98        61        58        35     640 
 #>20       6         8        10        30        39        34        44        55        56        33        26        19     360 
 #>25       1         4         6        18        20        21        31        34        31        17        16         9     208 
 #>40       0         0         0         4         3         5         9        12        14         5         4         1      57 
 #>50       0         0         0         2         1         5         7         6         6         1         1         1      30 
 #>60       0         0         0         2         1         2         5         1         2         1         0         0      14 
 #>80       0         0         0         0         0         0         3         0         1         0         0         0       4 
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Table 5 
                            

Monthly   Total Snowfall Depths (cm)        for EXETER                           6122370 
 
 YEAR      JAN       FEB       MAR       APR       MAY       JUN       JUL       AUG       SEP       OCT       NOV       DEC   TOTAL 
 1961     ---        9.7      18.8      29.5                                                                  17.6      49.8   125.4 
 1962     56.6      38.9       3.6                                                                  20.5                81.2   200.8 
 1963     42.9      54.3      17.0                                                                            15.8       127   257.2 
 1964     22.5      38.3      35.9       8.8                                                         7.6      16.5      32.4#  162.0 
 1965     63.4      55.6      33.9      19.0                                                                  12.6      19.1   203.6 
 1966     97.0      30.6      29.5      19.0                                                                  30.4      93.9   300.4 
 1967     31.7      54.5      46.8                                                                            52.9      22.9   208.8 
 1968     50.8      62.0      29.2       2.5                                                                  22.8      96.6   263.9 
 1969     90.0      43.2      33.0                                                                   6.1      46.5      43.1   261.9 
 1970     29.1      41.9      22.1      16.6                                                                  45.7       113   268.4 
 1971      107      27.4      37.3       2.3                                                                  14.8      20.3   208.9 
 1972     55.8      35.2      20.8       5.1                                                         1.8      32.9      53.5   205.1 
 1973     25.9      36.1      31.0       2.3                                                                  16.5      46.4   158.2 
 1974     25.5      23.0      17.8       2.4                                                                   9.0      33.6   111.3 
 1975     20.9      47.2      44.4      25.4                                                                   7.6      89.9   235.4 
 1976     ---       41.4      19.5       6.3                                                                  58.3      65.9   191.4 
 1977     54.9      11.4       5.1       5.1                                                                  38.5       145   259.8 
 1978      129      15.0       7.8                                                                             7.5      22.5   181.8 
 1979     24.4      21.0       9.0      24.0                                                         4.0      12.0      10.0   104.4 
 1980     24.0      51.0      31.0       1.0                                                                   3.5      40.0   150.5 
 1981     77.0      41.0      52.0                                                                   2.0      11.0      55.0   238.0 
 1982      126      40.0      19.0      21.0                                                                  13.0      23.0   242.0 
 1983     14.0      12.0      22.0       8.0                                                                  12.5      67.0   135.5 
 1984     58.0      30.0      31.0                 2.0                                                         1.0      31.0   153.0 
 1985      111      82.0#     27.0      11.0#                                             ---                  7.0       159   396.6 
 1986     63.5      44.0      31.0                                                                            15.6      24.0   178.1 
 1987     51.0      26.0      30.0       3.6                                                                  15.4      34.6   160.6 
 1988     27.4      78.6      27.6                                                                   7.0      15.8      52.8   209.2 
 1989     30.4      45.4       6.4      14.6       1.4                                                        35.0      89.0   222.2 
 1990     15.8      25.6       1.4       4.8       0.8                                                         6.4      30.4    85.2 
 1991     47.0      52.0      10.8       1.0                                                                  12.6      80.7   204.1 
 1992     55.0      20.4      20.1       3.0                                                        12.0      10.5      31.2   152.2 
 1993     31.4      63.0      16.8       6.4                                                                  11.1      28.2   156.9 
 1994     93.0      29.4      18.4      10.2                                                                   7.2      19.2   177.4 
 1995     42.8      53.0       8.8      10.4                                                                  48.1      52.4   215.5 
 1996     21.4      19.6      25.4       5.8                                                                  54.4      42.8   169.4 
 1997     72.8      13.6      16.0       3.0                                                        26.6      21.5      23.1   176.6 
 1998     31.0                46.8                                                                             1.4      23.8   103.0 
 1999      106       7.0      30.6                                                                             6.4      19.2   169.0 
 2000     39.0      25.8      11.0       8.2                                                                  12.2       143   239.6 
 2001     43.6      20.0      18.8       6.0                                                         0.4                29.0   117.8 
 2002     33.4      31.0      20.2       8.6                                                         0.2      29.4      42.0   164.8 
 2003     73.0      44.0      31.2       9.0                                                         5.0      ---       ---    162.2 
 
        Monthly Totals Summary 
 MEAN     51.5      35.8      23.6       7.1       0.1       0.0       0.0       0.0       0.0       2.2      18.8      53.6   192.7 
 
 MAX     129.0      82.0      52.0      29.5       2.0       0.0       0.0       0.0       0.0      26.6      58.3     159.0   396.6 
 Year     1978      1985      1981      1961      1984      1961      1961      1961      1961      1997      1976      1985    1985 
 MIN      14.0       0.0       1.4       0.0       0.0       0.0       0.0       0.0       0.0       0.0       0.0      10.0    85.2 
 Year     1983      1998      1990      1962      1961      1961      1961      1961      1961      1961      1962      1979    1990 
 
        Daily Totals Summary  (Note: MD=Missing Dates) 
 MAX      35.6      30.5      30.5      15.2       2.0       0.0       0.0       0.0       0.0      16.4      30.5      40.6    40.6 
 
 Year     1971      1968      1973      1975      1984      1961      1961      1961      1961      1997      1970      1970    1970 
 Date      26         9        17         3        13         1         1         1         1        21        23        25 
 
 MX2D     48.3      39.1      31.0      20.3       2.0       0.0       0.0       0.0       0.0      20.0      45.7      55.9    55.9 
 Year     1971      1965      1973      1975      1984         0         0         0         0      1997      1970      1977    1977 
 Date      27        25        17         3        13         0         0         0         0        22        24         9 
 
 MX3D     49.6      44.2      31.0      25.4       2.0       0.0       0.0       0.0       0.0      20.0      45.7      73.7    73.7 
 Year     1971      1965      1973      1975      1984         0         0         0         0      1997      1970      1977    1977 
 Date      27        26        17         4        13         0         0         0         0        22        24         8 
 
  MD       62         1         0         1         0         0         0         0        30         0        30        32     156 
 #> 0     517       371       284       100         3         0         0         0         0        21       209       434    1939 
 #> 5     157       102        62        22         0         0         0         0         0         8        54       169     574 
 #>10      43        28        17         5         0         0         0         0         0         2        13        61     169 
 #>15      15         7         5         1         0         0         0         0         0         1         8        23      60 
 #>20       4         4         1         0         0         0         0         0         0         0         2        10      21 
 #>25       2         2         1         0         0         0         0         0         0         0         1         9      15 
 #>40       0         0         0         0         0         0         0         0         0         0         0         1       1 
 #>50       0         0         0         0         0         0         0         0         0         0         0         0       0 
 #>60       0         0         0         0         0         0         0         0         0         0         0         0       0 
 #>80       0         0         0         0         0         0         0         0         0         0         0         0       0 
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Table 6   Missing Value Summary for All Stations Considered 

             
 

Region 1 - Southwestern Ontario 
 
                                         Duration     Total         Missing Dates by Data Type 
    Station Name               AES ID  Start Stop     Dates    TMIN    TMAX    RAIN    SNOW    PREC 
AILSA CRAIG                   6140091   1968 1972      1521     113     113      91      91      91 
ALLAN PARK                    6110210   1975 1976       454     174     174     152     165     124 
ALVINSTON                     6120250   1965 1969      1211     590     590     498     469     392 
AMHERSTBURG                   6130257   1988 2005      6269     201     202     182     182     182 
APPS MILL                     6140286   1972 1972       335     281     281     281     281     281 
ARTHUR                        6140348   1964 1988      8797    1283    1282    1146    1145    1145 
AYLMER                        6130409   1950 1981     11688    5247    5234    4546    4548    4547 
AYLMER                        6130411   1996 2004      2982     156     157     153     153     153 
AYLMER 2                      6130415   1958 1961      1186     975     975     974     974     974 
AYLMER ONT HYDRO              6130420   1983 2000      4270     187     187     124      77      96 
AYR                           6140437   1956 1961      2039     228     227     212     212     212 
AYTON                         6110439   1988 1993      2192     390     380     324     324     326 
BELGRAVE                      6120670   1962 1964       727     162     162     198     217     268 
BLUE SPRINGS CREEK            6140818   1966 1980      5326     647     650     622     622     622 
BLUE ACTON                    6150HA7   1974 1976       544     111     111      91      72      64 
BLUE CORWHIN                  6140Q17   1974 1976       544     111     111      91      72      64 
BLUE ROCKWOOD                 6140QAG   1974 1976       544     128     128     122     121     123 
BLUE SCOUT                    6140QJ7   1974 1976       544     105     105      91      66      64 
BLYTH                         6120819   1959 2005     16861     363     357     337     337     337 
BRANTFORD                     6140941   1950 1963      4929     740     818     736     736     736 
BRANTFORD BRANT PARK          6140948   1972 1973       700     335     339     329     329     329 
BRANTFORD MOE                 6140954   1960 2005     16496    1091     429     365     365     365 
BRANTFORD MORELL              6140951   1959 1964      1393     114     114      96      59      68 
BRUCEFIELD                    6121025   1950 1993     16071     581     650    1621    1623    1623 
BRUCE ONTARIO HYDRO           61210K7   1971 1977      2496     217     215     212     212     212 
BRUSSELS                      6121030   1965 1967       665     338     338     334     301     306 
BURFORD                       6141040   1970 1971       423     303     303     302     300     306 
CAIRO                         6121067   1965 1967       543     130     130     122     120     124 
CALEDONIA                     6131081   1950 1966      6178     334     402     117     117     117 
CAMBRIDGE GALT MOE            6141095   1950 1994     16130    2141    2567    2224    2224    2224 
CAMBRIDGE-STEWART             6141100   1973 2000      6783     316     317     183     162     165 
CAMLACHIE                     6121123   1959 1968      3469      31       2      37      37      37 
CANBORO                       6131165   1950 1971      7943     388     380     336     336     336 
CANFIELD                      6131167   1969 1971       695     306     306     303     238     244 
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Table 7 - Stations selected for daily missing-value fill-in work 
 

Region 1 - Southwestern Ontario 
 
  Stations for fill-in work             | Stations used as Surrogates 
  =========================             | =========================== 
  6130257 AMHERSTBURG                   | 6137290 ST CATHARINES BROCK U 
                                        | 6139525 WINDSOR A 
                                        | 
  6130411 AYLMER                        | 6130409 AYLMER 
                                        | 6130415 AYLMER 2 
                                        | 6130420 AYLMER ONT HYDRO 
                                        | 6138270 TILLSONBURG MOE 
                                        | 
  6120819 BLYTH                         | 6144444 LISTOWEL ONT HYDRO 
                                        | 6122370 EXETER 
                                        | 
  6140954 BRANTFORD MOE                 | 6140941 BRANTFORD 
                                        | 6146240 PARIS 
                                        | 6149625 WOODSTOCK 
                                        | 
  6121025 BRUCEFIELD                    | 6122370 EXETER 
                                        | 
  6141095 CAMBRIDGE GALT MOE            | 6141100 CAMBRIDGE-STEWART 
                                        | 6149389 WATERLOO WELLINGTON 2 
                                        | 
  6131415 CHATHAM WPCP                  | 6131386 CHATHAM 
                                        | 6131387 CHATHAM 
                                        | 6131413 CHATHAM CFCO 
                                        | 6131416 CHATHAM WATERWORKS 
                                        | 6137154 RIDGETOWN RCS 
                                        | 
  6111467 CHATSWORTH                    | 6116132 OWEN SOUND MOE 
                                        | 
  6141919 CROMARTY                      | 6122370 EXETER 
                                        | 
  6141933 CULLODEN EASEY                | 6138270 TILLSONBURG MOE 
                                        | 
 
  6121940 CYPRUS LAKE CS                | 6128323 TOBERMORY CYPRUS LAKE 
                                        | 6128320 TOBERMORY 
                                        | 6119500 WIARTON A 
                                        | 
  6121969 DASHWOOD                      | 6122370 EXETER 
                                        | 
  6131983 DELHI CS                      | 6131982 DELHI CDA 
                                        | 6137730 SIMCOE 
                                        | 6138270 TILLSONBURG MOE 
                                        | 
  6142066 DORCHESTER                    | 6144478 LONDON CS 
                                        | 
  6122079 DOUGLAS POINT                 | 6122078 DOUGLAS POINT 
                                        | 
  6132090 DRESDEN                       | 6131415 CHATHAM WPCP 
                                        | 
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Table 8  Sample Climate Normals Information 
 

1951-1980 Climate Normal Values 
 

 
Station Pair Differences/Ratios 
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Table 9 Corrected maximum daily air temperatures: Monthly Summary 
 

                           Monthly Maximum Daily Temperatures (Deg. C) for EXETER                           6122370 
 
 YEAR      JAN       FEB       MAR       APR       MAY       JUN       JUL       AUG       SEP       OCT       NOV       DEC    MEAN 
 1960     -1.1      -1.0      -1.5      12.4      16.8      22.6      25.3      26.2      23.1      14.6       8.5      -2.3    12.0 
 1961     -4.6       1.2       4.6       7.7      15.6      23.3      25.3      24.7      24.0      16.5       7.9       0.3    12.2 
 1962     -3.3      -2.9       3.2      12.7      21.5      23.3      24.7      24.8      18.8      14.4       7.1      -0.5    12.0 
 1963     -6.5      -4.9       4.5      12.4      17.0      24.4      26.1      23.5      20.4      20.4       9.7      -2.5    12.0 
 1964     -0.3      -0.4       4.3      11.8      20.2      23.8      27.0      21.9      20.7      13.3       9.5       0.7    12.7 
 1965     -2.5      -1.4       0.7       8.5      20.7      23.0      24.0      23.2      21.5      12.2       8.1       3.0    11.7 
 1966     -3.2      -0.4       5.5       9.2      14.5      24.6      27.7      24.4      19.1      13.4       8.0       0.6    11.9 
 1967      0.9      -2.9       2.7      11.8      13.8      25.9      24.3      23.8      20.7      13.6       3.1       1.5    11.6 
 1968     -4.0      -3.6       5.3      14.2      16.1      23.1      25.4      25.6      22.3      14.6       6.1      -1.2    12.0 
 1969     -2.4      -1.0       1.5      12.7      17.4      21.4      26.5      27.3      21.7      13.3       6.4      -2.1    11.9 
 1970     -5.6      -2.0       0.8      12.5      19.1      24.0      26.1      25.9      20.4      15.5       6.9       0.0    12.0 
 1971     -4.7      -1.4       0.3       9.3      18.2      25.7      25.2      24.6      22.4      18.2       6.2       2.9    12.2 
 1972     -2.5      -3.7      -0.2       8.3      19.5      20.4      25.6      24.3      21.0      10.9       3.8       0.7    10.7 
 1973     -0.8      -2.7       7.5      11.2      15.6      24.0      26.0      26.5      21.4      16.8       6.2      -0.4    12.6 
 1974     -0.9      -3.7       2.4      12.5      15.5      22.5      26.5      25.4      19.4      13.1       7.0       1.0    11.7 
 1975     -0.5      -1.7       0.5       6.7      21.6      24.1      26.8      24.4      17.6      15.6      12.2       0.4    12.3 
 1976     -3.8       2.1       5.9      12.4      16.7      26.3      24.9      23.9      19.5      11.1       3.0      -3.3    11.6 
 1977     -8.0      -3.6       6.5      14.0      22.0      21.9      26.6      23.6      20.0      12.6       7.9      -0.4    11.9 
 1978     -5.1      -6.2       0.0       8.0      18.5      22.8      25.1      25.8      21.9      13.5       7.7       0.8    11.1 
 1979     -4.7      -6.5       7.2       8.9      17.4      23.7      24.9      23.9      22.0      12.4       7.1       2.4    11.6 
 1980     -1.5      -3.5       1.7      10.5      18.9      21.1      25.4      26.2      20.9      10.6       5.1      -1.8    11.1 
 1981     -5.1       0.1       3.6      11.9      16.8      23.2      26.3      24.9      18.7      11.3       7.7      -0.2    11.6 
 1982     -4.9      -3.8       2.3       9.7      21.5      20.3      25.7      22.5      19.6      15.0       7.3       4.3    11.6 
 1983     -1.2       0.6       5.0       8.8      15.0      24.2      27.3      25.6      22.1      14.0       7.3      -2.8    12.2 
 1984     -5.1       2.3       0.1      12.5      15.7      25.2      25.3      25.9      19.2      16.7       6.6       3.5    12.3 
 1985     -4.3      -2.7       3.8      14.5      20.2      21.3      24.8      24.0      22.1      14.5       6.0      -2.8    11.8 
 1986     -2.9      -3.4       5.3      12.9      19.6      22.5      25.2      23.1      20.2      13.4       4.4       1.1    11.8 
 1987     -2.1      -1.1       5.8      13.7      21.8      25.6      28.6      24.4      21.3      11.2       7.4       2.1    13.2 
 1988     -1.7      -2.5       4.0      11.0      20.7      24.5      28.8      27.0      20.8      10.0       8.3       0.3    12.6 
 1989      1.7      -3.8       2.8       9.1      17.9      23.2      27.3      24.7      19.8      14.7       5.1      -5.9    11.4 
 1990      1.5       0.1       5.7      12.6      16.5      22.7      25.0      24.2      19.7      13.9       8.7       2.1    12.7 
 1991     -2.6       0.7       4.8      12.7      22.1      25.2      25.6      25.5      20.4      14.3       5.6       1.2    13.0 
 1992     -1.2      -0.4       3.2       9.2      18.9      21.2      22.3      22.1      20.1      12.2       5.5       1.5    11.2 
 1993     -0.5      -4.0       2.0      11.1      18.2      22.6      25.8      25.7      17.4      12.5       5.8       0.4    11.4 
 1994     -7.4      -4.6       2.4      12.7      16.2      24.4      25.6      23.2      20.9      14.8       8.7       3.0    11.7 
 1995     -0.3      -3.3       6.0       8.0      18.1      25.7      26.1      26.8      19.8      15.4       3.4      -2.0    12.0 
 1996     -3.1      -2.0       1.8       8.5      17.1      23.2      24.1      25.9      20.3      13.9       3.5       1.4    11.2 
 1997     -2.3       1.0       3.5      10.3      13.5      25.2      25.1      22.8      20.3      14.0       4.5       1.3    11.6 
 1998      0.8       2.9       5.1      13.0      22.8      24.4      26.4      26.8      24.0      15.7       8.1       4.4    14.5 
 1999     -2.6       2.0       3.2      12.8      21.5      25.7      28.5      24.3      23.3      13.6       8.9       2.4    13.6 
 2000     -1.1       1.3       9.4      11.2      19.7      23.8      24.0      24.1      20.5      15.9       6.4      -4.4    12.6 
 2001     -1.8      -0.7       2.2      13.4      19.6      24.1      26.1      27.3      20.7      13.9      10.6       3.8    13.3 
 2002      1.4       1.8       4.1      11.5      15.8      24.3      28.4      26.4      25.1      12.8       4.8       0.0    13.0 
 2003     -4.8      -4.1       3.3      10.5      16.7      23.1      25.6      26.1      21.6      13.0       8.7       1.6    11.8 
 2004     -5.3      -0.5       5.0      12.0      18.1      22.6      24.8      23.2      23.6      14.8       7.6       0.4    12.2 
 
        Monthly Totals Summary 
 MEAN     -2.7      -1.7       3.5      11.1      18.2      23.5      25.8      24.8      20.9      14.0       6.8       0.4    12.1 
 
 MAX       1.7       2.9       9.4      14.5      22.8      26.3      28.8      27.3      25.1      20.4      12.2       4.4    14.5 
 Year     1989      1998      2000      1985      1998      1976      1988      1969      2002      1963      1975      1998    1998 
 MIN      -8.0      -6.5      -1.5       6.7      13.5      20.3      22.3      21.9      17.4      10.0       3.0      -5.9    10.7 
 Year     1977      1979      1960      1975      1997      1982      1992      1964      1993      1988      1976      1989    1972 
 
        Daily Totals Summary  (Note: MD=Missing Dates) 
 MAX      14.5      19.5      25.0      29.0      32.0      37.0      36.0      35.5      33.5      28.9      21.5      18.0    37.0 
 Year     1995      2000      2000      1985      1977      1988      1987      2001      2002      1963      1999      1982    1988 
 Date      13        26         8        22        21        25        18         8         8         6         9         3 
 MIN     -22.0     -19.0     -18.0      -6.1       2.7       8.5      15.0      13.9       8.0       0.6      -8.9     -14.5   -22.0 
 Year     1994      1980      1978      1972      1966      1992      1997      1964      1989      1969      1976      1989    1994 
 Date      19        29         6         7         9        20         4        13        23        22        29        21 
 
  MD        0         0         0         0         0         0         0         0         0         0         0         0       0 
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Table 10 Corrected minimum daily air temperatures: Monthly Summary 

 
                           Monthly Minimum Daily Temperatures (Deg. C) for EXETER                           6122370 
 
 YEAR      JAN       FEB       MAR       APR       MAY       JUN       JUL       AUG       SEP       OCT       NOV       DEC    MEAN 
 1960     -7.8      -8.3     -10.5       3.3       8.2      11.3      12.9      13.4      10.8       3.9       0.4     -10.1     2.3 
 1961    -12.1      -6.9      -3.3      -1.6       4.8      12.2      14.2      13.9      13.7       7.4       0.8      -6.2     3.1 
 1962    -10.8     -11.0      -4.7       3.4      10.7      12.2      13.6      14.0       8.5       5.3       0.0      -7.0     2.9 
 1963    -14.0     -13.0      -3.4       3.1       6.2      13.3      15.0      12.7      10.1      11.3       2.6      -9.0     2.9 
 1964     -7.8      -8.5      -3.6       2.5       9.4      12.7      15.9      11.1      10.4       4.2       2.4      -5.8     3.6 
 1965    -10.0      -9.5      -7.2      -0.8       9.9      11.9      12.9      12.4      11.2       3.1       1.0      -3.5     2.6 
 1966    -10.7      -8.5      -2.4      -0.1       3.7      13.5      16.6      13.6       8.8       4.3       0.9      -5.9     2.8 
 1967     -6.6     -11.0      -5.2       2.5       3.0      14.8      13.7      12.6       8.0       5.6      -2.6      -4.0     2.6 
 1968    -11.4     -11.4      -4.2       2.9       5.5      11.5      14.3      13.9      12.9       5.9       0.2      -8.0     2.7 
 1969     -8.3     -10.2      -6.5       3.0       6.3      10.5      15.1      14.4      10.4       4.3      -0.5      -7.9     2.5 
 1970    -13.9     -10.7      -6.7       3.1       7.9      12.0      15.7      13.6      11.5       6.9       1.2      -6.9     2.8 
 1971    -11.9      -8.2      -9.0      -0.7       5.1      13.6      14.0      12.7      12.9       8.9      -0.2      -3.8     2.8 
 1972    -10.4     -11.6      -7.4      -1.3       8.1       9.7      14.9      14.0      10.6       2.6      -0.8      -6.1     1.9 
 1973     -8.4     -11.4       0.1       2.7       6.5      14.4      15.4      15.8       9.3       7.0       0.6      -6.8     3.8 
 1974     -7.7     -12.0      -5.2       1.7       5.1      12.1      13.3      14.3       8.1       2.9      -0.2      -4.6     2.3 
 1975     -7.3      -7.8      -6.4      -1.5       9.7      13.5      14.3      14.4       8.6       5.0       1.6      -6.8     3.1 
 1976    -11.3      -6.9      -3.9       1.3       4.8      12.1      12.4      11.8       8.7       2.3      -3.7     -11.5     1.4 
 1977    -16.8     -10.7      -1.4       2.7       7.5      10.7      15.4      13.4      11.3       4.0       1.0      -7.5     2.5 
 1978    -12.8     -17.3      -9.9      -0.9       8.3      11.2      14.0      13.6      11.0       3.3      -1.9      -6.3     1.0 
 1979    -12.2     -15.0      -2.4       0.6       6.6      10.9      13.5      13.3       9.2       4.7      -0.9      -4.9     2.0 
 1980     -9.4     -12.9      -7.4       1.8       6.8       9.6      14.7      16.2       8.8       2.3      -1.5     -10.2     1.6 
 1981    -13.5      -7.4      -5.0       1.0       5.8      12.6      15.0      14.8      10.5       2.2      -1.0      -6.7     2.4 
 1982    -14.1     -12.1      -6.4      -1.0       9.5      10.3      14.8      11.9      10.6       5.0       0.5      -4.3     2.0 
 1983     -8.3      -5.7      -2.8       0.3       4.3      12.1      15.3      15.3      10.6       5.6       0.4     -11.3     3.0 
 1984    -13.1      -5.4      -8.0       2.6       5.1      13.7      14.1      14.6       9.8       5.4      -0.8      -3.3     2.9 
 1985    -10.3     -10.1      -4.2       3.3       7.9      10.2      14.6      13.7      11.9       5.3       0.9      -8.7     2.9 
 1986     -9.3      -9.7      -4.5       2.9       8.7      11.1      15.6      13.5      10.8       5.4      -2.1      -3.9     3.2 
 1987     -7.9     -10.3      -2.8       3.5       8.0      14.0      17.2      14.7      11.9       3.2       0.6      -2.1     4.2 
 1988     -9.5     -10.2      -5.0       1.8       7.8      10.5      16.8      16.7      10.0       3.7       1.6      -5.6     3.2 
 1989     -6.1      -9.4      -5.8       0.7       7.4      13.5      15.4      14.0       9.9       5.6      -1.2     -13.1     2.6 
 1990     -4.6      -6.6      -2.0       3.5       6.0      12.5      14.9      14.3      10.2       4.9       1.1      -4.8     4.1 
 1991     -8.8      -6.0      -3.8       4.1      11.3      14.3      15.1      15.4      10.0       6.3      -1.4      -5.5     4.3 
 1992     -6.6      -7.5      -5.5       0.6       6.8      10.2      12.8      12.5      10.1       2.7       0.3      -3.7     2.7 
 1993     -6.8     -12.8      -6.4       1.3       6.6      11.8      16.4      15.0       8.5       3.7      -0.2      -5.2     2.6 
 1994    -16.3     -13.8      -5.4       1.8       5.3      13.1      15.4      12.7      10.2       5.3       1.6      -3.6     2.2 
 1995     -5.9     -12.7      -4.1      -0.8       7.0      13.8      16.4      16.7       7.7       6.4      -2.7      -8.8     2.7 
 1996    -11.3     -10.3      -7.8      -0.2       6.9      14.1      14.1      13.9      11.2       5.3      -2.7      -3.5     2.5 
 1997    -10.5      -7.8      -3.6       0.1       4.1      13.1      14.8      12.4      10.1       4.0      -1.4      -3.7     2.6 
 1998     -4.1      -3.9      -2.4       2.1      11.4      12.8      15.3      15.3      11.7       6.1       1.5      -3.4     5.2 
 1999    -10.1      -5.7      -5.2       3.1       9.4      14.9      17.2      13.5      11.0       4.2       1.4      -4.2     4.1 
 2000     -9.2      -7.3      -0.7       1.5       9.2      13.8      14.1      14.0      10.7       6.3       0.3     -11.1     3.5 
 2001     -8.8      -7.3      -4.8       2.3       9.5      13.0      14.9      16.1      10.5       6.4       3.8      -1.8     4.5 
 2002     -3.8      -6.1      -4.5       2.7       5.1      14.5      16.5      16.1      13.4       4.8      -0.8      -6.4     4.3 
 2003    -10.9     -13.1      -6.4      -0.2       7.0      11.8      15.4      15.5      11.4       4.8       1.6      -4.3     2.7 
 2004    -12.6      -9.6      -1.4       1.7       7.9      12.6      15.4      14.1      12.4       7.1       1.2      -6.7     3.5 
 
        Monthly Totals Summary 
 MEAN     -9.9      -9.6      -4.9       1.5       7.2      12.4      14.9      14.0      10.4       5.0       0.1      -6.2     2.9 
 
 MAX      -3.8      -3.9       0.1       4.1      11.4      14.9      17.2      16.7      13.7      11.3       3.8      -1.8     5.2 
 Year     2002      1998      1973      1991      1998      1999      1987      1988      1961      1963      2001      2001    1998 
 MIN     -16.8     -17.3     -10.5      -1.6       3.0       9.6      12.4      11.1       7.7       2.2      -3.7     -13.1     1.0 
 Year     1977      1978      1960      1961      1967      1980      1976      1964      1995      1981      1976      1989    1978 
 
        Daily Totals Summary  (Note: MD=Missing Dates) 
 MAX       7.5      10.0      15.5      19.3      21.0      23.5      25.0      24.5      21.5      19.8      14.3      12.0    25.0 
 Year     1998      2000      1998      1962      1991      1997      1993      1988      1991      1963      1961      1982    1993 
 Date       6        27        31        27        30        25         6         4        16         6         3         3 
 MIN     -30.0     -27.0     -27.0     -14.3      -8.1      -1.1       5.5       1.5      -1.5      -7.8     -13.0     -25.4   -30.0 
 Year     1994      1978      1978      1982      1966      1972      1961      1982      1993      1969      1996      2004    1994 
 Date      19         3         1         4         9        10         4        28        30        22        15        20 
 
  MD        0         0         0         0         0         0         0         0         0         0         0         0       0 
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Table 11 Corrected daily rainfall totals: Monthly Summary 
 

                           Monthly   Total Rainfall Depths (mm)        for EXETER                           6122370 
  
 
 YEAR      JAN       FEB       MAR       APR       MAY       JUN       JUL       AUG       SEP       OCT       NOV       DEC   TOTAL 
 1960     32.6       7.4      23.5      85.7       120      79.8      32.1      22.5      36.7      50.4      60.9       2.0   553.2 
 1961      0.3      50.6      33.0      59.4      78.2      71.2       105      71.1      68.6      74.9      60.0      34.3   706.3 
 1962     25.5       7.6      12.5      62.6      50.9      87.9      40.2       104      67.9       136      53.4      49.8   698.3 
 1963                8.9      57.2      69.7      72.8      45.4      52.4      38.4      37.7      21.1      92.9       6.4   502.9 
 1964     37.7       4.4      53.3      91.5      65.4      52.0       121       277      40.6      69.5      18.6      56.4   888.2 
 1965     42.4      19.1      19.2      72.7      64.9      20.9      83.0       100      55.2       136      92.9      55.2   761.9 
 1966               39.4      54.7      59.8      66.6       120      50.1       112      78.4      55.5       140      91.1   867.3 
 1967      5.1                 6.4      91.3      57.9       144      58.4       121      88.9       116      66.6      73.7   828.5 
 1968     50.0      24.1      37.1      64.8      42.1      87.1      44.2      58.0       105       128      72.3      42.4   755.0 
 1969     42.1                16.8       112       108      46.6       140      24.6      23.8      74.4      92.9      20.1   700.6 
 1970                         29.3      84.9      92.1      49.6       190      47.7      96.9      62.0      59.5      40.6   752.4 
 1971      5.0      30.5       2.8      30.3      19.7      33.5      74.7       175      61.7      30.2      35.8      80.8   579.5 
 1972     10.7                38.6      65.5      99.4      55.4      47.6      45.8      80.2       139      45.1       101   728.6 
 1973     24.9      13.2       128      58.2      92.8      87.4      31.0      35.5      38.8      91.6       108      33.0   741.9 
 1974     50.6      39.1      50.4      90.9       145      93.8      38.1      44.7      62.0      38.4       102      12.6   767.7 
 1975     72.6      42.2      42.2      72.6      75.6      92.8      39.2       177      64.9      31.8      61.0      38.1   809.6 
 1976     13.7      32.2       122      77.9      81.6      76.9       210      83.5       116      68.1      21.1       9.1   911.5 
 1977               25.5      58.9      52.6      12.4      84.7      41.8       140       189      51.3      84.0      35.4   775.8 
 1978     22.0                28.7      58.6      74.6      56.2      34.3      75.5       160      88.8      29.1      60.5   687.9 
 1979      6.7       4.0      42.2       112      54.4      62.8      79.2      47.2      37.4       149       137      78.4   810.3 
 1980     15.0       1.5      41.0      97.7      65.2      91.2       130      49.3       106       129      33.2      26.4   785.5 
 1981               15.1      31.4      88.6      78.8      67.4      52.2       113       137       108      63.1      26.3   781.3 
 1982      7.2       0.8      47.6      46.0      84.1      78.6      51.0       107       119      46.8       118      73.2   780.3 
 1983     18.2      26.2      32.8      91.8       117      49.8      64.4      69.6       128      54.8      75.8      20.2   748.8 
 1984               29.8      48.6      69.2       104       110      61.2      90.8       129      52.2       118      70.3   882.6 
 1985     22.6      74.4      68.7      46.9      56.8      58.6      78.2       129      88.7       101       127      13.7   865.7 
 1986     14.6      14.4      27.9      73.8      58.8       133       140       120       318       102      21.8      29.4  1052.5 
 1987      4.2      13.0      24.4      37.7      48.2      31.2      39.0      80.0       102       121       107      69.6   676.9 
 1988     29.2      16.6      30.2      52.9      54.0      14.6      66.7      61.9      99.0       209       103      35.8   772.3 
 1989     49.7                38.6      32.7       102      55.3      13.0      79.1       124      66.4      69.2      17.0   647.1 
 1990     44.8      40.3      54.9      64.2      83.6      78.0       173       107       151       133      96.1      70.5  1096.2 
 1991      1.5      18.0      83.6      95.2      78.4      30.9       103      60.6      45.9       111      76.0      31.0   734.6 
 1992     30.8      45.6      28.2       151      54.3      72.5       169       131       128      50.3       115      46.6  1021.6 
 1993     65.5                 5.0      76.9      46.0       142      84.6      70.2       138      69.0      52.5      15.6   764.8 
 1994     38.2                34.4      94.3      76.7       118      81.6      54.8      57.4      90.1      68.6      35.9   750.3 
 1995     48.8       4.0      38.2      92.2      76.3      68.8      76.4      57.6      38.1       116       113      11.8   741.7 
 1996     35.9      35.0       3.0       138       103       164      87.1      46.2       344      74.8      41.9      58.6  1131.5 
 1997     22.6      64.2      54.8      37.2       123      51.1      76.1       119      72.4      65.2      38.8      18.0   742.2 
 1998     65.4      26.0      61.0      40.8      40.6      25.4      86.8       109      23.6      56.4      77.6      48.0   660.8 
 1999     34.2      37.4       0.4      64.6      69.2      54.0      52.0      56.0      83.8      63.8      62.0      57.4   634.8 
 2000      9.8      27.0      34.2      68.4       144       192       267      34.2       166      34.4      45.4      29.0  1050.8 
 2001     14.8      69.8       8.8      45.8      62.6      68.0      20.4      67.8       143       156       102      26.4   785.6 
 2002     13.4      32.4      35.2      87.0       116      63.9      95.0      17.4      58.0      60.6      52.8      19.2   650.5 
 2003               10.0      17.6      79.0       110      83.4      65.4      50.0       133      96.4       103      62.8   811.4 
 2004      9.0      14.8      77.4      42.6       157      64.2       134      47.2      36.2      78.6      73.6      39.9   774.5 
 
        Monthly Totals Summary 
 MEAN     23.1      21.4      39.6      73.0      79.6      75.8      84.0      82.9      99.5      85.7      75.3      41.6   781.6 
 
 MAX      72.6      74.4     127.8     150.8     156.8     191.7     267.2     277.4     344.3     208.7     140.0     101.3  1131.5 
 Year     1975      1985      1973      1992      2004      2000      2000      1964      1996      1988      1966      1972    1996 
 MIN       0.0       0.0       0.4      30.3      12.4      14.6      13.0      17.4      23.6      21.1      18.6       2.0   502.9 
 Year     1963      1967      1999      1971      1977      1988      1989      2002      1998      1963      1964      1960    1963 
 
        Daily Totals Summary  (Note: MD=Missing Dates) 
 MAX      27.4      36.4      38.9      66.0      66.0      73.0     159.0      76.2     143.2      68.6      53.0      50.8   159.0 
 Year     1993      1985      1974      1979      1974      1993      2000      1964      1986      1972      1984      1966    2000 
 Date       4        23         4        13        16        20         9         1        10        22        11         6 
 
 MX2D     46.4      52.8      43.7      66.0      66.0     103.0     159.0     133.9     174.8      84.1      68.6      82.0   174.8 
 Year     1993      2001      1976      1979      1974      1993      2000      1964      1986      1972      1966      1966    1986 
 Date       4         9         2        13        16        20         9         2        11        22        10         7 
 
 MX3D     50.9      60.2      56.7      68.0      85.3     103.8     159.0     133.9     179.8      96.0      73.9      88.6   179.8 
 Year     1993      1985      1976      1979      1974      1993      2000      1964      1986      1972      1966      1966    1986 
 Date       4        23         3        15        16        21         9         2        12        23        11         8 
 
  MD        0         0         0         0         0         0         0         0         0         0         0         0       0 
 #> 0     155       138       287       490       499       460       411       445       505       591       480       243    4704 
 #> 5      82        59       134       212       231       200       197       201       237       250       216       125    2144 
 #>10      36        40        58       101       113       117       115       123       147       122       124        59    1155 
 #>15      18        15        25        56        63        70        79        79       101        61        62        37     666 
 #>20       7         8        11        30        43        36        47        55        58        33        28        20     376 
 #>25       1         4         6        18        21        22        32        34        33        17        17         9     214 
 #>40       0         0         0         4         4         5        10        12        14         5         4         1      59 
 #>50       0         0         0         2         1         5         7         6         6         1         1         1      30 
 #>60       0         0         0         2         1         2         5         1         2         1         0         0      14 
 #>80       0         0         0         0         0         0         3         0         1         0         0         0       4 
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Table 12 Corrected daily snowfall totals: Monthly Summary 
 

                           Monthly   Total Snowfall Depths (cm)        for EXETER                           6122370 
 
 YEAR      JAN       FEB       MAR       APR       MAY       JUN       JUL       AUG       SEP       OCT       NOV       DEC   TOTAL 
 1960     46.8      69.3      40.5       2.5                                                         3.4      36.2      48.6   247.3 
 1961     36.7       9.7      18.8      29.5                                                                  17.6      49.8   162.1 
 1962     56.6      38.9       3.6                                                                  20.5                81.2   200.8 
 1963     42.9      54.3      17.0                                                                            15.8       127   257.2 
 1964     22.5      38.3      35.9       8.8                                                         7.6      16.5      32.4   162.0 
 1965     63.4      55.6      33.9      19.0                                                                  12.6      19.1   203.6 
 1966     97.0      30.6      29.5      19.0                                                                  30.4      93.9   300.4 
 1967     31.7      54.5      46.8                                                                            52.9      22.9   208.8 
 1968     50.8      62.0      29.2       2.5                                                                  22.8      96.6   263.9 
 1969     90.0      43.2      33.0                                                                   6.1      46.5      43.1   261.9 
 1970     29.1      41.9      22.1      16.6                                                                  45.7       113   268.4 
 1971      107      27.4      37.3       2.3                                                                  14.8      20.3   208.9 
 1972     55.8      35.2      20.8       5.1                                                         1.8      32.9      53.5   205.1 
 1973     25.9      36.1      31.0       2.3                                                                  16.5      46.4   158.2 
 1974     25.5      23.0      17.8       2.4                                                                   9.0      33.6   111.3 
 1975     20.9      47.2      44.4      25.4                                                                   7.6      89.9   235.4 
 1976     98.5      41.4      19.5       6.3                                                                  58.3      65.9   289.9 
 1977     54.9      11.4       5.1       5.1                                                                  38.5       145   259.8 
 1978      129      15.0       7.8                                                                             7.5      22.5   181.8 
 1979     24.4      21.0       9.0      24.0                                                         4.0      12.0      10.0   104.4 
 1980     24.0      51.0      31.0       1.0                                                                   3.5      40.0   150.5 
 1981     77.0      41.0      52.0                                                                   2.0      11.0      55.0   238.0 
 1982      126      40.0      19.0      21.0                                                                  13.0      23.0   242.0 
 1983     14.0      12.0      22.0       8.0                                                                  12.5      67.0   135.5 
 1984     58.0      30.0      31.0                 2.0                                                         1.0      31.0   153.0 
 1985      111      83.5      27.0      11.0                                                                   7.0       159   398.1 
 1986     63.5      44.0      31.0                                                                            15.6      24.0   178.1 
 1987     51.0      26.0      30.0       3.6                                                                  15.4      34.6   160.6 
 1988     27.4      78.6      27.6                                                                   7.0      15.8      52.8   209.2 
 1989     30.4      45.4       6.4      14.6       1.4                                                        35.0      89.0   222.2 
 1990     15.8      25.6       1.4       4.8       0.8                                                         6.4      30.4    85.2 
 1991     47.0      52.0      10.8       1.0                                                                  12.6      80.7   204.1 
 1992     55.0      20.4      20.1       3.0                                                        12.0      10.5      31.2   152.2 
 1993     31.4      63.0      16.8       6.4                                                                  11.1      28.2   156.9 
 1994     93.0      29.4      18.4      10.2                                                                   7.2      19.2   177.4 
 1995     42.8      53.0       8.8      10.4                                                                  48.1      52.4   215.5 
 1996     21.4      19.6      25.4       5.8                                                                  54.4      42.8   169.4 
 1997     72.8      13.6      16.0       3.0                                                        26.6      21.5      23.1   176.6 
 1998     31.0                46.8                                                                             1.4      23.8   103.0 
 1999      106       7.0      30.6                                                                             6.4      19.2   169.0 
 2000     39.0      25.8      11.0       8.2                                                                  12.2       143   239.6 
 2001     43.6      20.0      18.8       6.0                                                         0.4                29.0   117.8 
 2002     33.4      31.0      20.2       8.6                                                         0.2      29.4      42.0   164.8 
 2003     73.0      44.0      31.2       9.0                                                         5.0       7.4      33.4   203.0 
 2004      134      10.0      20.4       0.4                                                                   3.0      70.6   238.4 
 
        Monthly Totals Summary 
 MEAN     56.2      36.0      23.9       6.8       0.1       0.0       0.0       0.0       0.0       2.1      19.0      54.7   198.9 
 
 MAX     134.0      83.5      52.0      29.5       2.0       0.0       0.0       0.0       0.0      26.6      58.3     159.0   398.1 
 Year     2004      1985      1981      1961      1984      1960      1960      1960      1960      1997      1976      1985    1985 
 MIN      14.0       0.0       1.4       0.0       0.0       0.0       0.0       0.0       0.0       0.0       0.0      10.0    85.2 
 Year     1983      1998      1990      1962      1960      1960      1960      1960      1960      1961      1962      1979    1990 
 
        Daily Totals Summary  (Note: MD=Missing Dates) 
 MAX      35.6      30.5      30.5      15.2       2.0       0.0       0.0       0.0       0.0      16.4      30.5      40.6    40.6 
 Year     1971      1968      1973      1975      1984      1960      1960      1960      1960      1997      1970      1970    1970 
 Date      26         9        17         3        13         1         1         1         1        21        23        25 
 
 MX2D     48.3      39.1      31.0      20.3       2.0       0.0       0.0       0.0       0.0      20.0      45.7      55.9    55.9 
 Year     1971      1965      1973      1975      1984         0         0         0         0      1997      1970      1977    1977 
 Date      27        25        17         3        13         0         0         0         0        22        24         9 
 
 MX3D     49.6      44.2      31.0      25.4       2.0       0.0       0.0       0.0       0.0      20.0      45.7      73.7    73.7 
 Year     1971      1965      1973      1975      1984         0         0         0         0      1997      1970      1977    1977 
 Date      27        26        17         4        13         0         0         0         0        22        24         8 
 
  MD        0         0         0         0         0         0         0         0         0         0         0         0       0 
 #> 0     594       399       310       104         3         0         0         0         0        23       218       475    2126 
 #> 5     178       105        65        22         0         0         0         0         0         8        57       179     614 
 #>10      49        31        17         5         0         0         0         0         0         2        15        64     183 
 #>15      17         7         5         1         0         0         0         0         0         1         9        23      63 
 #>20       5         4         1         0         0         0         0         0         0         0         2        10      22 
 #>25       2         2         1         0         0         0         0         0         0         0         1         9      15 
 #>40       0         0         0         0         0         0         0         0         0         0         0         1       1 
 #>50       0         0         0         0         0         0         0         0         0         0         0         0       0 
 #>60       0         0         0         0         0         0         0         0         0         0         0         0       0 
 #>80       0         0         0         0         0         0         0         0         0         0         0         0       0 
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Table 13 Sample annual summary of daily mean air temperatures 
 

                                             EXETER                           6122370 
 
                                       Daily  Average Daily Temperatures (Deg. C) for 1960 
 
DAY        JAN       FEB       MAR       APR       MAY       JUN       JUL       AUG       SEP       OCT       NOV       DEC     DAY 
 
  1        -7.8      -3.5      -9.5       1.1       6.2      14.4      17.6      18.2      22.8       7.4       7.6      -3.3     1 
  2        -2.2     -12.4     -10.0       5.0       9.0      18.0      16.5      21.2      18.9      10.5       6.0      -5.8     2 
  3        -0.8     -12.1     -10.9       9.1      14.0      16.9      16.5      21.2      17.8      10.8       6.0      -0.8     3 
  4        -6.4      -4.7     -10.0       3.6      17.0      20.2      13.7      19.3      20.9       9.9       5.4       3.6     4 
  5        -8.9      -0.5      -9.2      -0.5      18.7      18.3      14.5      17.8      18.4      12.4       2.1       8.0     5 
 
  6        -8.3       0.3     -10.0      -0.3      18.1      10.8      14.0      17.6      20.0      11.6      -1.2       7.2     6 
  7        -2.5      -4.1     -10.3       1.9      14.0      11.9      15.1      19.2      22.8      11.1      -4.8      -2.2     7 
  8        -2.8      -2.4     -10.6       1.7       3.7      12.7      19.5      18.4      25.3      11.3       0.8      -9.1     8 
  9        -6.3      -1.1     -11.7      -0.2       3.7      13.6      22.0      14.0      19.8      11.9       5.4      -7.7     9 
 10        -3.6       1.2      -8.4      -0.5       5.3      15.8      22.8      17.0      13.3      13.3       2.4      -5.8    10 
 
 11        -5.5      -3.0     -11.7       4.5       6.2      19.1      20.6      16.5      15.6      12.7       0.8     -13.0    11 
 12        -3.9      -7.1     -12.0      10.0       6.4      17.5      22.9      19.2      14.2       8.6       3.0     -14.1    12 
 13        -0.3     -11.0      -8.6       9.1       6.2      15.8      20.6      20.9      12.5      13.0       6.8     -13.0    13 
 14        -1.1      -7.9      -5.6      12.8       7.3      17.2      17.3      21.5      11.7      17.4       9.1      -5.5    14 
 15        -2.2      -5.4      -9.5      12.2      12.0      17.7      15.9      19.0      17.0      14.9      13.2      -2.2    15 
 
 16        -4.7      -0.5      -5.6      13.6      14.0      21.4      19.5      17.0      15.3      11.0      10.4      -4.7    16 
 17        -2.5       0.1      -0.6      15.5      17.0      14.4      21.5      20.1      17.8      11.6       4.6      -6.6    17 
 18        -2.2      -2.7      -1.2       0.9      14.2      11.9      21.5      21.5      16.1       6.3       4.1      -5.8    18 
 19        -5.2      -3.0      -2.8       4.5      17.8      16.9      20.4      22.3      14.2       7.2       3.2      -5.8    19 
 20        -5.3      -4.1      -5.9      10.0      17.0      14.1      15.9      22.3      15.6       3.0       5.1      -9.4    20 
 
 21        -6.6      -4.9      -5.6      13.8      19.5      16.3      14.2      22.0      14.2       3.6       4.9      -7.7    21 
 22        -5.0      -4.9      -4.2      13.9      15.3      18.3      24.5      20.4      18.1       5.5       6.0     -15.5    22 
 23        -4.4      -5.4      -6.7      20.0      10.6      18.0      22.3      20.7      19.2       8.5       2.2     -16.6    23 
 24        -6.4      -6.3      -5.3      20.8       9.2      16.9      19.2      16.7      21.2       0.0       3.2     -15.2    24 
 25        -7.2      -7.9      -9.7      11.1      12.0      17.7      19.5      18.1      20.6       3.6       4.1      -4.4    25 
 
 26        -6.6      -3.5      -6.2       7.5      15.9      18.3      21.4      21.7      15.6       3.8       7.9      -1.6    26 
 27        -4.4      -4.1      -0.1       6.9      18.6      20.8      21.8      21.2      14.7      10.2       9.9     -10.5    27 
 28        -1.1      -5.5       4.1       5.3      16.4      22.2      21.7      22.3      13.3       8.0      10.2     -11.9    28 
 29        -0.6      -8.2       4.1       9.4      14.8      22.4      24.0      24.5      13.4       8.8      -0.6      -6.9    29 
 30        -6.6                 8.8      13.3      14.8      19.7      21.5      19.8       9.2       9.6      -3.6      -2.7    30 
 31        -6.1                -0.1                13.4                15.6      22.0                10.2                -1.9    31 
 
TOTAL    -138.3    -135.3    -185.7       235       387       508       593       613       509       287       134    -191.4  TOTAL 
 
MEAN       -4.5      -4.7      -6.0       7.8      12.5      16.9      19.1      19.8      17.0       9.3       4.5      -6.2   MEAN 
 
MAXDAY     -0.3       1.2       8.8      20.8      19.5      22.4      24.5      24.5      25.3      17.4      13.2       8.0   MAX 
MIN        -8.9     -12.4     -12.0      -0.5       3.7      10.8      13.7      14.0       9.2       0.0      -4.8     -16.6   MIN 
 
NOTE: # incomplete total                                                    TOTAL AMOUNT FOR YEAR,       7.1 
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Table 14 Sample annual summary for daily rainfall totals 

 
                                             EXETER                           6122370 
 
                                       Daily    Total Rainfall Depths (mm)        for 1960 
 
DAY        JAN       FEB       MAR       APR       MAY       JUN       JUL       AUG       SEP       OCT       NOV       DEC     DAY 
 
  1                                                                               0.3       2.1       3.3       0.3               1 
  2         8.5                           9.8                24.2                 8.3                10.9       2.6               2 
  3                                       4.1                           6.8       2.0       4.4                                   3 
  4                                       0.3                 1.6                                               0.6               4 
  5                   2.4                                                                             0.9       3.4               5 
 
  6                   1.3                           0.7                                                                   2.0     6 
  7                                       2.3       8.5                           1.0                                             7 
  8                                       4.1      17.6                                                         4.3               8 
  9                   0.5                          16.2                           8.0                          12.9               9 
 10                   3.2                           9.1                 4.8                                                      10 
 
 11                                       3.0       8.3                                                                          11 
 12        20.6                                     0.5                 0.9                 1.9                                  12 
 13         0.9                                     1.7       1.2                           1.1                                  13 
 14         2.6                           6.8                11.6                 1.5                 2.2       1.1              14 
 15                                       6.5                 3.2                                     0.5      30.5              15 
 
 
 16                                      10.1                27.1                                                                16 
 17                                       1.5       6.7       2.2                           1.9                                  17 
 18                                                                     7.7                                                      18 
 19                                                 9.1                 5.0                 2.5      10.0                        19 
 20                                                                                                   2.0                        20 
 
 21                                       4.3       1.2                           0.3                                            21 
 22                                                18.6                                     5.7       6.4       2.6              22 
 23                                                           6.8                                     1.6                        23 
 24                                      18.3                 0.7                                                                24 
 25                                       1.0                                               9.5                                  25 
 
 26                                       1.0                           3.3                 1.9       2.0                        26 
 27                             0.8                                                                                              27 
 28                                                           1.2                                               2.6              28 
 29                             0.8                                     1.8       0.8       5.7                                  29 
 30                            21.9      12.6      20.7                 1.8                                                      30 
 31                                                 0.7                           0.3                10.6                        31 
 
TOTAL      32.6       7.4      23.5      85.7       120      79.8      32.1      22.5      36.7      50.4      60.9       2.0  TOTAL 
 
MAX 3d     24.1       3.7      22.7      23.4      42.9      41.9      12.7      10.6      11.4      14.2      31.6       2.0   42.9 
MAX 2d     21.5       3.7      22.7      19.3      33.8      30.3      12.7      10.3      11.4      14.2      31.6       2.0   33.8 
MAX 1d     20.6       3.2      21.9      18.3      20.7      27.1       7.7       8.3       9.5      10.9      30.5       2.0   30.5 
 
NOTE: # incomplete total                                                    TOTAL AMOUNT FOR YEAR,       553 
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Table 15  Rainfall Summary for the ABCA Exeter Gauge 
 
         Monthly   Total Rainfall Depths (mm)        for AUSABLE R AT EXETER              ABCA020 
  
 
 YEAR     JAN     FEB     MAR     APR     MAY     JUN     JUL     AUG     SEP     OCT     NOV     DEC  TOTAL 
 1986     ---     ---   17.2#   61.6#   55.8    81.5#    1.5#    7.5#    229#   84.4#     ---     ---  538.8 
 1987   10.8#    7.7    36.0    37.1    51.5    33.6    38.2    66.8    79.8     101    95.0    61.3   619.0 
 1988   21.9#   20.5    25.4    56.0    47.2    10.1    51.7    62.1    69.2     130    93.8    35.7   623.6 
 1989   82.2#    4.4    27.3    50.5     175     220    17.6    57.1    95.5    52.1     155     147  1082.9 
 1990    298     229#   38.5#   52.6    74.6    60.8     161     105     125     106    32.4#   68.0  1349.9 
 1991   15.2    16.7    73.2    84.6    69.4    10.3#   87.2    51.2    35.3     103    82.4    30.3   658.5 
 1992   17.5    30.5    27.5#    141#   43.4#   73.6     154     106     112    38.5     109    46.8   899.1 
 1993   69.0     1.4    15.9#     ---   18.3#    178    69.8    76.7     131    61.2    50.7    17.4   688.6 
 1994   48.5     1.1    47.6    78.3    65.9     104    83.2    37.7#   37.2    76.1    53.6    43.7   676.9 
 1995   44.1    14.7    37.0    94.5    66.0    85.8    51.0    51.0    33.9    71.2     121    26.7   696.7 
 1996   34.2    32.1     4.6     124    96.3     144    83.7    51.8     264    61.5    39.7    69.0  1004.6 
 1997   23.9    67.6    14.7#   27.4    87.9    38.6    76.6     112    63.3    63.1    28.5    40.0   643.6 
 1998   70.4    16.6    48.1    35.1    31.3    23.3    74.9    87.9    21.8    44.0    64.0    32.3   549.7 
 1999   33.3    26.5     4.1    53.0    52.2    53.5    49.5    56.2    68.8    47.1    64.2    51.7   560.1 
 2000    8.3    19.2    25.9    64.6     108     153     242    68.0     138    26.6    28.6    31.3   914.1 
 2001   33.2    70.7    11.0    39.9    53.3    64.1    17.5    48.5     111     132    89.8    28.2   698.6 
 2002   14.0    52.6    32.7    60.5    92.4    48.2    88.4    14.0    24.2    46.7    46.5     9.9   530.1 
 2003    2.6    19.3     7.5    30.8    95.2    69.2    50.9    38.6     102    65.9    83.5    53.7   619.3 
 2004    7.4    34.1    73.3    22.8     130    54.7     119    42.5    32.7    66.4    51.7    46.7   681.2 
 2005   35.3    34.5    15.9#     ---     ---     ---     ---     ---     ---     ---     ---     ---   85.7 
 
        Monthly Totals Summary 
 MEAN   43.5    35.0    29.2    55.7    70.6    75.3    75.9    57.0    88.7    68.8    64.5    42.0   706.0 
 
 MAX   297.7   229.0    73.3   140.9   174.5   219.9   242.4   112.0   264.1   131.5   154.9   146.9  1349.9 
 Year   1990    1990    2004    1992    1989    1989    2000    1997    1996    2001    1989    1989    1990 
 MIN     2.6     1.1     4.1    22.8    18.3    10.1     1.5     7.5    21.8    26.6    28.5     9.9    85.7 
 Year   2003    1994    1999    2004    1993    1988    1986    1986    1998    2000    1997    2002    2005 
 
        Daily Totals Summary  (Note: MD=Missing Dates) 
 MAX    36.5    39.1    32.2    58.7    46.1    70.4   149.0    52.1   124.1    37.8    46.5    35.3   149.0 
 Year   1993    2001    1991    1992    1996    1993    2000    2000    1986    1996    1987    1989    2000 
 Date      4       9      27      16      20      20       9       1      10      18      25      31 
 
 MX2D   47.9    51.6    32.5    58.7    58.3   117.8   149.0    52.4   171.2    41.5    47.6    41.4   171.2 
 Year   1993    2001    1991    1992    1996    1993    2000    2000    1986    2001    1995    1989    1986 
 Date      4       9      28      16      21      21       9       1      11       5      11      31 
 
 MX3D   52.0    51.6    32.5    59.6    60.7   146.2   149.0    57.6   179.5    53.0    52.4    48.1   179.5 
 Year   1990    2001    1991    1992    1996    1993    2000    2000    1986    1991    1987    1989    1986 
 Date     11       9      28      18      22      21       9       1      12       4      25      31 
 
  MD      31      28      36      62      48      36      58      57      35      32      65      62    550 
 #> 0    155     133     178     208     229     203     190     185     217     277     255     191   2421 
 #> 5     70      55      36      68      88      82      77      61      91      82      78      44    832 
 #>10     21      19      12      36      43      45      44      32      58      43      37      23    413 
 #>15     11       6       6      17      24      27      31      26      39      19      22      14    242 
 #>20      4       4       1       7      19      22      21      16      22       9      12       9    146 
 #>25      3       3       1       5       9      13      16      12      15       7       5       3     92 
 #>40      0       0       0       2       1       6       4       2       7       0       2       0     24 
 #>50      0       0       0       1       0       2       2       1       2       0       0       0      8 
 #>60      0       0       0       0       0       1       2       0       1       0       0       0      4 
 #>80      0       0       0       0       0       0       2       0       1       0       0       0      3 
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Table 16  Rainfall Summary for Exeter Gauge with snowmelt amounts removed 

 
         Monthly   Total Rainfall Depths (mm)        for Exeter Precipitation Station     ABCA020 
  
 
 YEAR     JAN     FEB     MAR     APR     MAY     JUN     JUL     AUG     SEP     OCT     NOV     DEC  TOTAL 
 1986     ---     ---   11.1#   60.2#   55.0    81.5#    1.5#    7.5#    229#   84.1#     ---     ---  530.2 
 1987    6.9#    1.8    33.3    33.0    50.9    33.6    35.8    66.5    79.0     100    94.7    57.5   593.2 
 1988   21.6#    5.5    23.6    56.0    46.9    10.1    50.2    61.8    69.2     130    92.0    29.9   596.8 
 1989   16.1            21.9    41.5     148     178    11.4    57.1    95.5    52.1    93.0    41.4   755.3 
 1990   87.2    63.6    37.4#   51.2    74.6    60.8     161     105     125     106    32.4#   68.0   971.5 
 1991    9.1     9.5    67.1    84.3    69.4    10.3#   87.2    51.2    35.3     102    81.5     9.8   616.8 
 1992   17.5    27.4    24.8#    141#   39.1#   73.6     154     105     111    36.7     102    40.8   873.1 
 1993   60.5             1.6#     ---   18.3#    178    69.8    76.1     127    60.3    48.1    13.5   653.2 
 1994   45.6            32.9    78.0    65.9     104    82.6    37.7#   37.2    76.1    52.2    35.6   647.8 
 1995   28.9    14.7    26.6    86.8    66.0    85.8    51.0    51.0    33.9    71.2     108    24.6   648.2 
 1996   13.1    31.8     0.3     124    96.3     144    83.4    51.8     264    61.5    35.2    55.8   960.6 
 1997   21.5    62.6    14.7#   27.4    87.9    38.6    76.6     112    63.0    60.6    22.8    20.1   607.8 
 1998   62.8    16.6    46.5    35.1    31.3    21.7    74.6    87.9    21.2    43.7    63.7    31.3   536.4 
 1999   21.3    23.6            52.7    52.2    53.5    49.5    55.9    68.8    46.8    33.9    47.8   506.0 
 2000    8.3    17.6    23.1    62.7     103     153     242    67.7     138    26.3    28.6    26.0   897.3 
 2001   13.1    69.5     9.5    39.9    53.3    64.1    17.5    48.5     111     131    89.2    25.5   672.2 
 2002   11.6    34.4    27.3    60.5    92.4    47.2    88.4    14.0    24.2    46.7    39.5     8.4   494.6 
 2003           13.6     6.4    24.6    95.2    69.2    50.9    38.3     102    65.6    83.2    52.3   601.4 
 2004    7.4    32.2    70.5    22.8     130    54.7     119    42.5    32.7    66.1    46.2    42.7   666.7 
 2005     ---     ---     ---     ---     ---     ---     ---     ---     ---     ---     ---     ---    0.0 
 
        Monthly Totals Summary 
 MEAN   22.6    21.2    23.9    54.1    68.8    73.0    75.3    56.9    88.4    68.3    57.3    31.5   641.5 
 
 MAX    87.2    69.5    70.5   140.6   147.7   177.6   242.4   112.0   263.8   131.2   107.7    68.0   971.5 
 Year   1990    2001    2004    1992    1989    1993    2000    1997    1996    2001    1995    1990    1990 
 MIN     0.0     0.0     0.0    22.8    18.3    10.1     1.5     7.5    21.2    26.3    22.8     8.4     0.0 
 Year   2003    1989    1999    2004    1993    1988    1986    1986    1998    2000    1997    2002    2005 
 
        Daily Totals Summary  (Note: MD=Missing Dates) 
 MAX    36.5    39.1    32.2    58.7    46.1    70.4   149.0    52.1   124.1    37.8    46.5    35.3   149.0 
 Year   1993    2001    1991    1992    1996    1993    2000    2000    1986    1996    1987    1989    2000 
 Date      4       9      27      16      20      20       9       1      10      18      25      31 
 
 MX2D   47.9    51.6    32.5    58.7    58.3   117.8   149.0    52.4   171.2    41.5    47.6    41.4   171.2 
 Year   1993    2001    1991    1992    1996    1993    2000    2000    1986    2001    1995    1989    1986 
 Date      4       9      28      16      21      21       9       1      11       5      11      31 
 
 MX3D   50.9    51.6    32.5    59.6    60.7   146.2   149.0    57.6   179.5    53.0    52.4    41.4   179.5 
 Year   1993    2001    1991    1992    1996    1993    2000    2000    1986    1991    1987    1989    1986 
 Date      5       9      28      18      22      21       9       1      12       4      25      31 
 
  MD      62      56      54      62      48      36      58      57      35      32      65      62    627 
 #> 0     70      60     106     186     215     194     179     177     209     265     197     100   1958 
 #> 5     31      28      32      66      86      79      76      61      91      82      73      35    740 
 #>10     14      16      12      36      43      44      44      32      58      43      36      22    400 
 #>15      6       5       6      17      24      26      31      26      39      19      21      13    233 
 #>20      3       4       1       7      19      22      21      16      22       9      11       9    144 
 #>25      2       3       1       5       9      13      16      12      15       7       4       3     90 
 #>40      0       0       0       2       1       6       4       2       7       0       2       0     24 
 #>50      0       0       0       1       0       2       2       1       2       0       0       0      8 
 #>60      0       0       0       0       0       1       2       0       1       0       0       0      4 
 #>80      0       0       0       0       0       0       2       0       1       0       0       0      3 
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Table 17  Top ten representative hourly rainfall patterns for each month at Exeter gauge 

 
                                   Rainfall Pattern Summary for EXETER                           6122370 Synoptic 
 
  Top Highest Rainfall Totals (mm) 
     TOTAL YEAR DAY    09   10   11   12   13   14   15   16   17   18   19   20   21   22   23   24   01   02   03   04   05   06   07   08 
JAN   31.9 1994  28   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.3  2.0  3.0  5.8  3.5  3.0  1.8  1.5  1.8  2.0  3.3  2.3  1.8  1.5 
FEB   31.1 2001  10   3.8  3.0  0.3  2.8  4.0  8.8  2.3  0.3  0.0  0.0  1.3  0.3  2.5  3.0  0.3  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
MAR   18.3 1990  23   0.0  0.0  0.0  0.3  1.3  1.3  4.5  2.5  1.5  2.8  1.3  1.5  1.0  1.3  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
APR   42.5 2000  21   3.8  3.0  1.3  4.3  4.0  0.0  0.0  0.3  0.8  3.0  9.0  2.8  3.0  6.5  1.8  0.8  0.3  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
MAY   40.5 1996  21   1.5  0.3  0.0  0.0  0.0  0.0  0.0  0.0  3.0  4.0  0.0  6.0  0.0 13.3  1.8  4.3  4.8  2.8  0.5  0.3  0.0  0.0  0.0  0.0 
JUN  105.2 1993  21   0.0  0.3  2.5  2.3  2.8 12.3  0.3  0.3  0.0  0.0  0.0  0.5  0.0 15.8 21.5  6.0 10.5  9.8  0.0 22.5  3.3  0.0  0.0  0.0 
JUL  136.0 2000  10  53.5  5.5 49.0 11.8  9.5 12.8  0.3  0.3  0.0  0.0  0.0  0.0  0.5  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
AUG   68.4 1964   2   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  1.0  0.0  2.3  0.3  0.5  6.6  5.1 15.5 21.1  5.1  0.0  0.0  0.5 14.0 
SEP  136.7 1986  11  13.3 13.0  3.3  4.3  5.3  3.8  9.8  3.5  1.8  1.0 12.5  0.3  6.5  4.8 26.3 11.3  8.0  6.8  6.5  1.3  0.0  0.0  0.0  0.5 
OCT   37.7 1991   3   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 10.3 10.3  4.8  2.0  1.3  4.0  3.8  1.3  0.0  0.3  0.3  0.0  1.3 
NOV   38.2 1992  13   2.5  2.5  4.3  2.8  1.0  1.8  2.3  1.8  2.5  2.8  6.0  6.0  3.3  0.3  0.3  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
DEC   40.8 1965  25   0.0  1.0  0.5  0.0  0.5  0.8  1.5  2.5  1.3  1.8  2.0  2.5  1.3  1.5  2.5  3.0  2.3  3.6  4.3  5.1  3.6  1.3  0.0  0.0 
 
  2nd Highest Rainfall Totals (mm) 
     TOTAL YEAR DAY    09   10   11   12   13   14   15   16   17   18   19   20   21   22   23   24   01   02   03   04   05   06   07   08 
JAN   28.7 1993   5   4.0  3.8  1.5  0.5  2.5  1.3  0.0  0.0  0.5  0.3  0.3  1.5  1.8  2.8  3.0  2.3  0.5  1.3  0.3  0.3  0.3  0.3  0.0  0.0 
FEB   28.0 1965  10   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  4.6  3.3  3.6  3.8  3.0  6.4  1.3  2.8  0.5  0.0 
MAR   16.5 1964  25   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.8  1.3  2.0  1.8  0.0  3.6  3.6  2.3  3.0  0.0  0.0 
APR   38.2 1992  17   2.3  3.3  1.3  3.8  1.8  1.8  3.3  0.0  9.3  8.3  5.5  0.5  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
MAY   36.4 2004  23   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 16.8  4.5  0.0  0.0  0.3  0.0  0.0  0.0  0.0  0.0  0.0  3.0  3.8  5.8  0.5 
JUN   94.6 1966  14   0.0  2.5  2.3  0.0  0.3  0.0  0.0 13.5 17.5  0.3  0.0  0.0  0.0  0.0  0.0  0.0  0.0  2.5  3.6  5.3  5.3  1.0  1.0  0.3 
JUL  122.4 1990   9   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 34.3 26.0 19.5  5.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
AUG   61.6 1965   3   0.5  8.9 14.0  7.9  1.5  1.3  1.3  0.8  0.0  0.0  0.0  0.0  0.3  0.5  0.8  0.3  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
SEP  123.0 1990  15   0.0  0.0  0.0  0.0  0.0  0.0  9.5 10.8  5.3  3.0  0.5  2.3 11.8  3.8  2.0  0.5  0.3  0.3  0.0  0.0  0.0  0.0  0.3  0.3 
OCT   33.9 1994  19   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.5  0.3  0.5 10.8  7.0  4.5  6.8  0.8  0.5 
NOV   34.4 1966   3   0.5  1.3  0.8  3.3  1.8  1.3  3.6  5.6  3.8  0.5  5.1  2.3  0.8  2.8  2.0  0.5  1.3  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
DEC   36.7 1966   7   0.0  0.0  0.8  1.8  2.0  4.8  5.8  5.1  3.8  1.8  1.0  0.3  1.5  1.8  0.5  4.1  3.8  1.3  0.8  1.3  0.5  0.0  0.0  0.0 
 
  3rd Highest Rainfall Totals (mm) 
     TOTAL YEAR DAY    09   10   11   12   13   14   15   16   17   18   19   20   21   22   23   24   01   02   03   04   05   06   07   08 
JAN   25.5 1993   4   0.3  2.0  1.0  1.0  0.3  0.3  0.0  0.0  0.0  1.5  3.0  1.5  0.5  0.0  0.0  0.0  0.0  0.0  0.3  0.0  3.0  0.3  2.3  4.5 
FEB   24.9 1997  21   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  1.5  3.0  1.3  0.5  1.5  2.3  2.0  3.3  5.0  3.5  1.8  0.0  2.0 
MAR   14.7 1991  28   0.5  0.3  6.8  2.3  0.0  0.3  0.0  0.5  0.3  0.0  0.0  0.0  0.0  0.0  5.3  0.5  0.0  0.0  0.0  0.3  0.0  0.0  0.0  0.0 
APR   34.0 1996  14   0.3 11.5  9.8  3.5  1.5  0.3  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
MAY   32.4 2003   1   0.0  0.0  0.0  0.0  0.0  0.0  1.5  0.3  0.0  0.0  0.0  0.8  0.0  0.0 12.8  1.3  0.0  0.0  0.0  3.5  5.5  7.8  0.3  0.0 
JUN   84.1 2000  12   0.0  0.0  0.8  2.5  0.3 26.0  0.5  0.0  0.0  2.3 18.3  0.0  0.5  1.5  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
JUL  108.8 2000  28   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.5 30.5 12.8  4.0  0.3  0.0  0.0  0.0  0.0 
AUG   54.7 1966   2   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.3  0.5  1.5  0.3  1.8  5.8 22.6  3.3  0.3  0.0  0.0 
SEP  109.4 1996  14   0.0  0.0  0.0  1.5  0.8  4.5  7.0 10.3  2.3  1.0  1.8  3.8  5.8  1.8  0.5  0.8  0.5  1.0  2.0  2.0  1.5  0.3  0.0  0.3 
OCT   30.2 1995   6   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.5  0.8  2.0  3.3  4.5  6.8  4.5  3.8  2.3  0.0  0.3  0.0  0.0  0.0  0.3  0.0  0.0 
NOV   30.6 1962  10   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  1.3  0.8  2.3  2.0  4.8  8.6  7.4  6.1  3.8 
DEC   32.6 1961   5   0.0  0.0  0.0  1.3  1.3  2.5  2.5  1.3  1.3  1.3  6.6  1.3  0.8  2.3  0.8  0.5  0.0  0.0  0.0  0.0  1.8  0.8  1.3  0.0 
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  4th Highest Rainfall Totals (mm) 
     TOTAL YEAR DAY    09   10   11   12   13   14   15   16   17   18   19   20   21   22   23   24   01   02   03   04   05   06   07   08 
JAN   22.3 1998   6   1.3  1.0  1.3  0.8  0.3  0.0  0.3  0.0  0.0  1.8  2.8  2.8  1.3  0.3  0.0  2.3  3.8  0.3  0.0  0.0  0.0  0.0  0.0  0.0 
FEB   21.7 1990  23   2.8  1.0  2.5  2.3  2.3  2.3  3.0  1.8  1.8  1.8  2.3  1.3  0.3  0.0  0.5  0.3  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
MAR   12.8 1991  27   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  8.0  0.5  2.3  4.3  0.0  0.3  0.0 
APR   29.7 1996  13   0.0  0.0  0.0  0.0  0.3  0.0  0.3  2.3  5.0  6.8  0.3  0.0  0.0  5.8  2.5  0.3  0.0  0.0  1.8  0.5  0.0  0.5  0.0  0.0 
MAY   28.3 1987  31   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 25.5  4.8  1.3  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
 
JUN   73.6 2000  25   0.0  0.0  0.0  0.0  0.0  0.3  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.3  0.5  2.8 17.5  7.8  7.8  8.0  1.0  0.0  0.0  0.0 
JUL   95.2 2004  31   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.3  0.3 17.5 26.5  0.3  0.0  0.0 
AUG   47.9 1965   9   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  1.3 16.8 15.0  2.5  0.0  0.0  0.0  0.0  0.0  0.0 
SEP   95.7 1996  15   0.8  1.0  0.8  2.3  2.0  0.0  0.3  0.0  0.0  0.5  0.3  0.8  4.0  0.5  0.8  2.5  8.3  9.0  6.0  4.0  0.0  0.0  0.3  3.3 
OCT   26.4 1990   9   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.3  0.0  0.0  1.3  0.5  0.3  2.3  2.8  9.3  4.8  2.3  2.3  1.0 
NOV   26.7 1987  26   3.3  1.3  2.3  2.3  4.3  4.0  4.3  4.0  4.0  2.5  1.8  1.5  1.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
DEC   28.5 2000  17   0.0  0.0  0.0  0.0  0.0  0.0  1.5  2.8  4.5  2.5  4.8  2.3  2.3  2.0  2.0  1.3  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
 
  5th Highest Rainfall Totals (mm) 
     TOTAL YEAR DAY    09   10   11   12   13   14   15   16   17   18   19   20   21   22   23   24   01   02   03   04   05   06   07   08 
JAN   19.2 1964  25   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.3  2.8  4.1  2.5  3.6  1.3  1.3  0.5  0.8  0.0  0.0 
FEB   18.6 2001   9   0.0  0.0  0.0  0.0  0.0  0.0  1.3  0.5  0.0  0.0  0.0  3.0  2.8  4.3  0.3  0.3  0.0  1.3  2.0  1.0  1.3  0.5  0.0  0.3 
MAR   11.0 1998  10   2.8  8.8  1.8  1.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
APR   25.5 1995  22   3.8 13.8  7.0  1.5  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
MAY   24.3 1989  21   0.8  1.3  1.8  2.3  1.5  0.8  1.0  0.5  0.3  8.5  3.3  1.0  1.0  0.3  1.0  1.0  0.8  0.5  0.8  0.3  0.3  1.0  0.5  0.5 
JUN   63.1 1989  23   0.0  0.0  0.0  0.0  0.0  0.0  2.3 16.0 16.0  0.3  8.8  0.3  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
JUL   81.6 1965   3   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  2.5  1.0  0.0  2.5 25.7  0.8  1.5  1.8  0.0  0.3  0.3  0.0  0.0  0.0 
AUG   41.0 1990  28   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.3 32.3  2.8  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
SEP   82.0 2000  15   0.0  1.0  0.5  0.5  2.0  1.8  3.5  1.8  4.3  0.3  0.0  0.0  0.0  0.0  0.8  1.3  0.5  0.5  0.0  4.0  4.8  7.8  0.5  7.5 
OCT   22.6 2001   6   0.5  0.0  0.3  0.5  1.0  1.3  1.5  2.3  3.5  3.5  2.0  0.8  1.5  2.0  1.8  1.3  1.0  0.3  1.0  0.0  0.0  0.0  0.0  0.0 
NOV   22.9 1966  10   0.0  0.0  0.0  0.0  0.0  0.8  2.5  8.6  7.1  2.8  2.0  0.3  0.0  0.0  0.0  0.3  0.0  1.8  0.0  1.0  0.0  0.3  1.0  0.0 
DEC   24.5 1964  25   1.8  0.0  0.0  0.0  1.0  0.3  0.3  0.0  0.8  0.8  2.0  4.6  3.0  3.8  1.3  1.3  1.8  0.8  0.3  0.5  0.0  0.0  0.0  0.0 
 
  6th Highest Rainfall Totals (mm) 
     TOTAL YEAR DAY    09   10   11   12   13   14   15   16   17   18   19   20   21   22   23   24   01   02   03   04   05   06   07   08 
JAN   16.0 1998   8   1.3  0.5  0.5  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.8  1.0  1.3  1.5  2.0  0.8  1.8  1.5  0.3  0.0  1.0  1.0  0.3  0.0 
FEB   15.5 2002  20   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.3  1.0  0.8  2.3  1.8  0.3  0.3  1.0  0.5  0.8  0.8  1.0  1.3  3.0  1.8  1.0 
MAR    9.2 1987  30   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.5  0.5  0.5  0.5  1.5  3.5  1.5  0.8  2.0  2.8 
APR   21.2 1995  27   0.0  0.0  1.5  2.0  1.3  1.5  2.8  1.8  0.8  1.0  1.0  1.5  1.8  1.3  2.5  0.5  0.8  0.8  0.5  1.0  0.8  0.3  0.0  0.0 
MAY   20.2 2002  17   0.3  0.0  0.0  0.0  0.0  0.0  3.5 13.8  6.8  2.0  1.3  0.5  0.0  0.3  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
JUN   52.6 1989   1   0.8  1.3  0.3  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  2.8 24.0  2.5  0.5  1.5  1.0  1.8  0.8  1.0  1.0  0.8  1.0  0.5 
JUL   68.0 1990  31   0.0  6.5 17.3  0.0  0.5 11.3  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
AUG   34.2 1996  27   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  7.3 23.8  3.3  0.0 
SEP   68.4 1992  22   0.3  1.3  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.3  0.0  0.0  0.0  0.0  0.0  0.0  2.0 20.8 14.3  0.5  1.0  0.0  0.0 
OCT   18.9 1988  11   0.3  0.0  0.3  1.5  1.8  0.0  0.3  4.0  0.8  0.3  0.0  0.0  1.5  4.5  2.3  1.8  0.3  0.5  1.5  0.5  0.0  0.5  1.0  1.5 
NOV   19.1 1989  15   0.0  7.0  2.3  2.0  0.0  0.3  0.8  0.8  0.5  2.3  3.8  1.5  0.8  0.5  0.5  0.3  1.3  0.8  0.3  1.0  0.8  0.3  0.0  0.3 
DEC   20.4 2003  30   1.8  1.8  1.8  0.8  0.3  0.0  0.0  0.5  1.0  1.8  1.8  1.3  2.5  2.3  1.5  1.8  0.8  0.5  0.3  0.0  0.0  0.0  0.0  0.0 
 
  7th Highest Rainfall Totals (mm) 
     TOTAL YEAR DAY    09   10   11   12   13   14   15   16   17   18   19   20   21   22   23   24   01   02   03   04   05   06   07   08 
JAN   12.8 1999  23   3.8  3.5  0.0  1.5  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.3  1.3  1.0  0.0  0.0  0.0  0.3  0.0  0.0  0.3  0.3  1.3  1.8 
FEB   12.4 2001  25   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  1.8  2.0  3.3  1.8  2.3  3.5  2.3  0.3  0.0  0.0 
MAR    7.3 1966  22   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  4.1  3.3  0.3  3.3  2.8  0.3  0.0  0.0  0.0 
APR   17.0 1994  26   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.5  3.0  0.0  0.0  1.3  0.5  1.8  2.8  3.3  4.8  3.0  2.0  0.0  0.0  0.0  0.0 
MAY   16.2 1991  26   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  1.3  0.0  0.0  0.3  0.0  0.0  0.3  1.5  0.3  0.3  8.0  2.5  3.3  3.3  5.8 
JUN   42.1 1966  10   1.5  0.8  0.0  1.3 15.0  5.3  6.4  0.3  4.3  1.5  0.5  3.8  0.0  0.0  0.5  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
JUL   54.4 1998   7   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.3  0.0  0.0  0.0  0.0  0.0  0.5  1.3  2.5  6.5 23.8  0.3  0.0  0.0  0.0  0.0  0.0 
AUG   27.4 1993  16   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 13.0  9.5  1.3  1.0  0.5  4.3  1.5  0.5  0.0  0.0  0.0  0.3  0.0  0.0 
SEP   54.7 2000  23   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.3  1.3  0.8  1.3  2.8  1.5  2.3  0.0  0.0  0.5 10.5  5.5  6.3  1.0  0.0 
OCT   15.1 1986  14   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 13.5  6.5  1.5  0.0  0.0  0.0  0.0  0.5  0.0 
NOV   15.3 1996   8   3.8  1.3  0.5  0.5  1.3  2.5  2.5  1.5  2.0  1.8  1.5  3.0  0.5  2.3  0.3  0.0  0.3  0.3  0.0  0.0  0.0  0.0  0.0  0.0 
DEC   16.3 1992  31   0.0  4.5  1.0  1.0  3.5  1.5  2.5  1.3  0.5  0.3  1.3  0.5  0.5  1.0  1.0  0.8  0.3  0.0  1.0  0.0  0.0  0.0  0.0  0.0 
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  8th Highest Rainfall Totals (mm) 
     TOTAL YEAR DAY    09   10   11   12   13   14   15   16   17   18   19   20   21   22   23   24   01   02   03   04   05   06   07   08 
JAN    9.6 1988  18   0.8  1.0  0.8  0.5  0.8  1.0  0.3  1.0  1.3  1.3  1.0  1.3  0.3  0.5  0.8  0.8  0.8  0.0  0.3  0.0  0.0  0.0  0.0  0.3 
FEB    9.3 2000  25   0.0  0.0  0.0  0.0  0.0  0.3  0.0  0.0  1.3  2.5  2.0  3.8  3.0  0.0  0.0  0.3  3.3  0.3  0.0  0.0  0.0  0.0  0.0  0.0 
MAR    5.5 1966   1   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.5  2.3  0.5  1.5  1.0  1.0  1.0  1.0  0.3  0.3  0.8  1.3  1.0  0.5  0.0 
APR   12.7 1966  20   0.0  0.3  0.0  0.0  0.0  0.5  1.0  1.3  2.0  1.0  2.3  0.3  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.3  7.9  3.8  0.0 
MAY   12.1 1990  17   0.5  3.8  4.3  2.0  0.8  3.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  7.3  4.8 
JUN   31.5 1986  12   0.0  0.0  0.0  0.0  0.0  0.0  2.5  4.0  1.5  0.3  0.0  0.0  0.0  3.3  0.8  2.3  2.5  5.3  3.5  0.0  3.5  3.0  1.0  0.3 
JUL   40.8 1991   4   0.0  0.0  0.0  0.0  0.0 12.3  0.0  0.0  0.0  3.0  0.5  0.0  0.0 14.5  1.0  3.3  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
AUG   20.5 1965  26   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.3  0.0  0.0  0.0 13.2 16.0  0.3  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.3  0.8 
SEP   41.0 1996  28   0.3  0.0  0.3  0.0  1.0  4.5  2.8  2.0  0.8  0.0  0.0  1.8  1.3  3.3  2.5  1.5  0.8  0.5  2.5  3.3  2.0  0.3  1.3  0.8 
OCT   11.3 2003  15   0.0  0.0  0.0  2.8  1.3  2.3  3.8  2.8  1.8  0.3  0.0  0.3  0.3  1.8  1.5  0.8  1.0  0.5  0.3  0.0  0.0  0.0  0.0  0.0 
NOV   11.5 1995  11   0.0  0.3  0.0  0.0  0.0  0.0  0.0  0.0  1.0  3.0  0.3  0.0  1.3  0.3  0.8  5.0  3.0  0.8  1.0  0.3  0.3  2.3  3.5  2.3 
DEC   12.2 1987  16   0.5  3.5  5.5  1.8  1.0  6.8  2.5  0.3  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
 
  9th Highest Rainfall Totals (mm) 
     TOTAL YEAR DAY    09   10   11   12   13   14   15   16   17   18   19   20   21   22   23   24   01   02   03   04   05   06   07   08 
JAN    6.4 1995  15   0.0  0.0  0.0  0.0  0.5  0.0  0.5  1.0  0.3  0.0  0.0  0.3  0.5  1.0  1.3  2.8  1.0  1.0  0.8  0.0  0.5  1.0  1.3  1.0 
FEB    6.2 2004  21   0.0  0.5  0.0  0.0  0.0  0.0  0.0  0.5  3.5  1.8  2.0  1.8  2.0  1.0  1.5  1.3  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
MAR    3.7 1966  11   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.8  1.0  1.3  1.5  1.3  1.5  1.5  1.3  1.0  0.8  0.3  0.0 
APR    8.5 1992  12   0.0  1.3  0.0  0.0  0.0  0.8  5.5  8.5  2.3  0.8  0.0  0.0  0.0  0.3  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
MAY    8.1 2000  18   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.5  1.0  0.0  0.3  0.3  0.0  0.3  8.5  9.0  3.5  1.8  0.3  0.0 
JUN   21.0 1992  19   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  8.0 22.8  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  2.0  0.0 
JUL   27.2 1988  17   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  3.8  2.5  2.8  1.0  2.5  1.8  6.3 12.3  0.3  0.0 
AUG   13.7 1990  20  16.0  7.5  6.3  0.8  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
SEP   27.3 2004   7   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  7.5  4.5  6.0  5.5  5.0  3.3  0.3 
OCT    7.5 1965   9   0.0  0.0  0.5  0.0  0.0  0.0  0.3  0.0  0.0  0.8  0.8  0.5  1.0  1.5  2.5  3.6  2.5  1.3  2.5  2.5  0.8  0.3  0.0  0.0 
NOV    7.6 1991  30   0.0  0.0  0.0  0.0  0.0  0.0  1.3  4.5  3.0  2.5  3.0  2.3  2.0  2.0  1.8  1.0  0.0  0.0  0.0  0.0  0.0  1.5  0.3  0.0 
DEC    8.2 1995  15   1.0  2.0  2.8  1.5  3.3  6.3  2.5  0.8  0.3  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
 
 10th Highest Rainfall Totals (mm) 
     TOTAL YEAR DAY    09   10   11   12   13   14   15   16   17   18   19   20   21   22   23   24   01   02   03   04   05   06   07   08 
JAN    3.2 1998   5   3.3  1.8  0.5  0.3  0.3  0.8  0.5  0.0  0.0  0.0  0.0  0.3  0.0  0.3  0.3  0.0  0.0  0.0  1.5  0.5  1.0  0.8  0.8  1.3 
FEB    3.1 2002  21   1.5  0.5  1.5  1.3  1.3  0.3  1.8  0.8  3.5  0.3  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.3  0.8  0.3  0.3 
MAR    1.8 1994  22   0.3  4.8  3.3  1.0  2.0  0.5  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
APR    4.2 1961  16   0.0  0.0  0.0  0.0  0.0  0.0  1.3  0.8  0.8  0.5  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.5  2.0  0.8  2.3  3.8  5.1  0.3 
MAY    4.0 1988  16   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 16.3  2.0  4.0  0.8  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.3 
JUN   10.5 1989   4   0.8  0.8  0.5  0.3  0.5  1.0  0.5  0.3  1.0  1.0  0.8  1.0  2.5  3.0  6.8  2.3  1.5  1.0  1.3  0.8  0.3  2.3  1.0  1.5 
JUL   13.6 2002  28   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  7.5  6.5  1.8  0.0  0.0  0.0 16.8  0.3 
AUG    6.8 1989   5   0.3  1.0  8.3  1.8  4.0  7.8  4.3  2.0  0.5  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
SEP   13.7 1986  12   1.5  0.3  0.3  0.3  3.3  9.0  4.5  2.8  1.5  0.5  0.0  0.0  0.0  0.0  0.0  0.0  0.3  4.8  0.8  0.3  0.0  0.0  0.0  0.5 
OCT    3.8 1965  21   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.5  0.5  2.3  1.0  3.8  1.8  0.5  2.0  4.6  2.0  1.3 
NOV    3.8 1963  18   0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.3  1.0  0.0  9.1  5.8  0.8  0.0  2.5  1.3  1.0  0.3  0.0  0.0  0.0 
DEC    4.1 2004   8   0.0  0.3  1.8  0.5  3.3  5.5  7.5  0.8  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
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Table 18 – Summary of daily stations used as surrogates for hourly rainfall data 
 

Name of Station or 
Location 

with completed  
hourly rainfall records  

Hourly rainfall records  
used to  

generate representative  
pattern data and tables 

Daily station used  
as ‘surrogate’  

for rainfall totals 
(see Table 6) 

Exeter    Exeter (ABCA), Centralia A, and Fullerton Exeter 
Nairn  Springbank (ABCA) Nairn 
Brucefield  Varna & Seaforth (ABCA) Brucefield 
Upper Parkhill   Upper Parkhill (ABCA) Upper Parkhill 
Thedford  The Cut (ABCA) Thedford 
   
Harriston     Harriston (MVCA), and Mount Forest Harriston 
Lucknow     Lucknow (MVCA) Lucknow 
Listowel  Listowel (MVCA), and Glen Allan Listowel 
Wroxeter  Wingham A & B (MVCA), Wroxeter 

Maitland CA HQ (MVCA) 
Wroxeter 

Belgrave Belgrave (MVCA) Belgrave 
Blyth Blyth (MVCA) Blyth 
Ethel  Ethel (MVCA), Newry (MVCA) Ethel 
Goderich  Benmiller (MVCA), Goderich Airport 

Goderich (AUT), Falls Reserve (MVCA) 
Goderich (AUT) 

Summerhill Summerhill (MVCA),  Summerhill 
Mitchell  Mitchell (UTRCA) Mitchell 
Plover Mills  Plover Mills (UTRCA), Prospect Hill Prospect Hill 
Note: Station ID codes given in Table 5.   CA stations listed with CA ID in brackets 
 
ED NOTE: To be revised on next draft. 
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Table 19  - Rainfall summary for Exeter Gauge once entire record has been processed 

 
                           Monthly   Total Rainfall Depths (mm)        for EXETER                           6122370 
  
 
 YEAR      JAN       FEB       MAR       APR       MAY       JUN       JUL       AUG       SEP       OCT       NOV       DEC   TOTAL 
 1960     32.7       7.4      23.5      85.7       120      79.7      32.1      22.5      36.7      41.8      69.6       2.0   553.3 
 1961      0.3      50.7      33.0      59.4      78.2      71.2       105      71.1      68.6      74.9      60.0      34.3   706.4 
 1962     25.5       7.6      12.5      59.1      54.4      87.9      40.2       104      68.1       134      55.7      49.8   698.5 
 1963                8.9      57.2      69.7      72.8      45.4      52.4      38.4      37.8      13.0       101       6.4   503.0 
 1964     34.9       7.2      53.3      91.5      65.4      52.0       121       277      40.6      69.5      18.6      56.4   888.2 
 1965     42.4      19.1      19.2      72.7      64.9      21.0      83.0      99.9      40.9       151      92.9      55.2   761.9 
 1966               33.9      60.2      59.8      66.6       120      50.1       112      78.1      53.7       142      91.1   867.4 
 1967      5.1                 6.4      91.3      57.9       144      58.4       121      86.5       116      68.7      73.7   828.7 
 1968     47.0      27.1      36.9      65.0      42.1      87.1      44.2      58.1       105       128      72.3      42.5   755.1 
 1969     42.2                16.8       112      93.7      60.5       140      24.6      23.8      74.4      92.9      20.1   700.6 
 1970                         29.3      84.9      92.1      49.5       190      47.7      96.8      59.6      61.8      40.6   752.1 
 1971      5.0      30.5       2.8      30.3      19.7      33.4      74.8       175      61.8      30.2      35.8      80.9   579.7 
 1972     10.7                38.6      65.5      99.4      55.4      47.6      45.8      79.5       140      45.1       101   728.3 
 1973     25.0      13.2       128      58.2      92.8      86.7      31.6      35.5      38.8      91.4       108      33.0   741.8 
 1974     50.7      33.8      55.7      90.9       145      93.8      38.2      44.5      57.6      42.9       102      12.6   767.8 
 1975     72.6      42.2      42.2      72.6      75.6      92.7      39.2       169      72.7      22.8      70.0      38.1   809.4 
 1976     13.7      32.2       122      77.9      73.4      85.2       210      83.5       116      68.1      21.1       9.1   911.6 
 1977               25.5      58.9      52.6      12.4      84.5      42.0       140       173      63.7      84.0      38.9   775.7 
 1978     22.0                28.6      61.3      74.6      56.0      34.3      75.4       156      92.0      29.1      60.5   690.3 
 1979      6.7       4.0      42.2       112      54.4      62.1      79.8      47.2      37.4       149       137      78.4   810.2 
 1980     15.0       1.5      41.0      97.7      65.2      91.0       130      49.3       105       128      35.0      26.4   785.4 
 1981               15.1      31.4      88.6      78.8      67.3      52.2       113       123       122      63.2      26.3   781.2 
 1982      7.2       0.8      47.6      46.0      84.1      78.7      51.0       107       119      44.2       121      73.2   780.3 
 1983     18.3      26.2      32.8      80.2       128      49.9      64.4      69.4       129      54.8      75.8      20.2   749.0 
 1984               29.8      48.6      69.2       104       110      61.2      90.8       129      52.2       118      70.2   882.5 
 1985     22.8      74.4      68.7      46.9      56.8      58.6      78.2       129      84.0       106       127      13.7   865.9 
 1986     14.6      14.4      27.5      73.0      58.8       133       140       120       312       107      21.8      29.4  1050.7 
 1987      4.2       3.4      34.0      37.7      47.4      32.0      39.0      80.0       102       121       110      68.8   678.7 
 1988     29.2      16.6      30.1      53.7      54.0      14.6      48.5      80.1      99.0       207       104      35.8   772.8 
 1989     49.6                38.5      32.5       102      55.3      13.0      75.9       128      66.4      69.1      17.0   646.6 
 1990     44.8      40.3      52.9      66.1      83.6      78.0       173       107       151       133      94.9      70.5  1094.9 
 1991      1.5      18.0      82.5      96.3      78.4      30.9       103      60.6      42.8       114      76.0      31.0   734.6 
 1992     30.8      45.6      28.2       151      53.0      74.0       169       131       128      50.3       115      46.6  1021.6 
 1993     63.5                 5.0      76.9      42.0       146      84.6      70.1       137      69.0      52.5      15.6   762.4 
 1994     38.2                34.4      92.2      78.9       118      81.6      54.8      46.2      98.9      71.0      35.9   750.4 
 1995     48.7       4.0      38.2      92.2      76.3      68.8      76.4      57.6      38.1       110       119      11.8   741.5 
 1996     35.9      35.0       3.0       138       103       164      87.1      46.2       344      74.8      41.9      58.6  1131.5 
 1997     22.6      64.3      54.8      37.2       123      51.1      76.1       119      72.4      65.2      38.8      18.0   742.1 
 1998     65.5      26.0      54.2      45.8      41.2      25.2      87.4       109      21.1      58.9      77.2      48.4   660.1 
 1999     34.2      37.4                65.0      67.0      56.6      52.0      56.0      81.1      66.5      62.0      57.5   635.3 
 2000      9.8      27.0      34.1      68.4       144       192       262      34.1       166      34.4      45.4      29.0  1044.9 
 2001     19.6      69.8       8.8      45.8      62.6      68.0      20.4      67.8       143       156       102      26.4   790.3 
 2002     10.7      35.1      34.2      88.0       116      63.9      95.0      17.4      57.9      60.6      52.9      19.2   650.5 
 2003               10.0      17.6      61.8       128      83.4      65.4      50.0       133      96.2       103      62.8   811.1 
 2004      9.0      14.8      77.4      42.8       164      64.2       134      47.2      36.2      78.6      73.6      39.9   782.4 
 
        Monthly Totals Summary 
 MEAN     22.9      21.2      39.8      72.5      79.9      76.5      83.5      83.0      97.9      86.4      76.4      41.7   781.7 
 
 MAX      72.6      74.4     127.9     150.5     164.5     191.6     261.7     277.4     344.3     206.7     142.1     101.1  1131.5 
 Year     1975      1985      1973      1992      2004      2000      2000      1964      1996      1988      1966      1972    1996 
 MIN       0.0       0.0       0.0      30.3      12.4      14.6      13.0      17.4      21.1      13.0      18.6       2.0   503.0 
 Year     1963      1967      1999      1971      1977      1988      1989      2002      1998      1963      1964      1960    1963 
 
        Daily Totals Summary  (Note: MD=Missing Dates) 
 MAX      35.8      39.7      28.5      55.2      63.2      64.4     159.0      76.2     123.2      68.6      47.8      42.4   159.0 
 Year     1993      2001      1990      1992      1974      1966      2000      1964      1986      1972      1987      1966    2000 
 Date       4         9        22        16        16        13         9         1        10        22        25         6 
 
 MX2D     48.1      52.8      38.9      66.0      66.0      79.7     159.0     133.9     170.9      84.1      62.7      76.8   170.9 
 Year     1993      2001      1974      1979      1974      1993      2000      1964      1986      1972      1966      1966    1986 
 Date       4         9         5        14        17        21         9         2        11        22        11         7 
 
 MX3D     50.9      52.8      59.3      68.0      82.5     104.7     159.0     133.9     182.8      88.8      73.9      88.6   182.8 
 Year     1993      2001      1976      1979      1974      1993      2000      1964      1986      1972      1966      1966    1986 
 Date       5         9         4        15        16        21         9         2        12        23        11         8 
 
  MD        0         0         0         0         0         0         0         0         0         0         0         0       0 
 #> 0     213       155       323       502       518       580       416       497       649       739       524       317    5433 
 #> 5      77        56       137       207       250       203       201       193       240       255       238       127    2184 
 #>10      26        35        61       107       111       117       114       121       127        98       105        56    1078 
 #>15      16        14        19        54        63        67        79        79        80        63        50        37     621 
 #>20       4         9        10        29        30        34        50        56        46        30        29        21     348 
 #>25       1         4         3        16        17        22        35        42        34        19        12        12     217 
 #>40       0         0         0         5         3         6         9        14        13         6         3         1      60 
 #>50       0         0         0         2         1         2         6         7         9         1         0         0      28 
 #>60       0         0         0         0         1         1         5         2         4         1         0         0      14 
 #>80       0         0         0         0         0         0         3         0         2         0         0         0       5 
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Table 20  - Volume-duration-frequency information generated for the Exeter Gauge  
 

                 Station: EXETER                           6122370 
 
                 Maximum Rainfall Volumes (mm) by Duration (h) 
 Year      1      2      3      4      6     12     24     36     48     72 
 1960   21.3   25.6   25.9   26.1   26.6   27.1   30.5   31.4   35.1   43.8 
 1961   11.2   17.6   20.2   26.4   35.7   36.1   37.2   38.3   42.4   44.3 
 1962   48.6   52.8   53.3   53.3   53.3   53.3   53.3   53.3   75.9   83.0 
 1963   10.2   13.2   18.3   23.4   23.6   23.9   34.3   34.3   34.3   35.1 
 1964   69.6   75.6   76.2   76.2   76.2   76.2   76.2  133.9  133.9  133.9 
 1965   12.5   19.6   19.6   22.2   28.6   32.1   45.4   55.3   62.0   69.9 
 1966   39.4   44.0   48.1   48.9   53.0   63.5   69.6   76.8   82.0   88.6 
 1967   46.1   50.1   50.5   50.5   50.5   52.8   57.7   58.5   58.7   58.7 
 1968   23.3   28.1   28.4   31.7   33.1   34.5   48.0   55.9   57.5   78.6 
 1969   63.0  104.6  105.3  106.0  106.7  106.7  106.7  106.7  106.7  120.7 
 1970   53.7   68.4   74.0   77.0   78.8   78.8   89.5   90.9   91.4   91.7 
 1971   48.6   52.8   53.3   53.3   53.3   53.3   53.3   97.2   97.2   97.4 
 1972   17.8   35.6   43.9   47.3   56.5   66.4   69.8   84.1   87.4   96.0 
 1973   10.1   15.0   16.1   16.1   17.2   20.2   27.5   32.4   38.9   42.0 
 1974   20.6   23.5   30.1   37.5   46.8   63.2   66.0   66.0   79.1   85.3 
 1975   36.6   39.8   40.1   40.1   40.1   40.1   64.0   64.0   64.0   64.0 
 1976   46.0   58.6   63.4   65.9   67.5   67.5   68.1   68.1   77.0   84.2 
 1977   18.1   21.7   24.3   25.0   33.7   34.0   49.1   53.6   73.0   80.0 
 1978   38.6   42.0   42.4   42.4   42.4   42.4   42.4   42.4   42.8   61.6 
 1979   13.3   17.7   21.9   31.5   38.5   41.3   66.0   66.0   66.0   68.0 
 1980   17.4   19.9   19.9   19.9   25.9   34.0   34.0   41.5   45.5   49.3 
 1981   23.2   27.6   28.8   28.8   29.6   29.8   37.2   43.6   50.2   57.7 
 1982   33.8   36.7   37.0   37.0   37.0   37.0   37.0   44.6   44.6   44.9 
 1983   19.3   26.4   36.8   38.4   39.2   54.1   56.3   57.0   69.8   74.7 
 1984   20.7   24.9   25.2   25.4   27.6   28.0   53.0   53.0   53.0   53.0 
 1985   32.9   35.7   36.0   36.0   36.0   39.9   41.4   41.4   49.4   60.2 
 1986   52.2   52.2   52.2   52.2   63.4   92.1  145.7  170.4  177.3  182.8 
 1987   24.0   27.3   27.3   27.3   27.3   38.6   47.8   47.8   47.8   52.6 
 1988   17.0   20.0   23.1   24.8   26.5   33.0   43.1   48.9   50.2   55.9 
 1989   17.2   24.4   25.2   27.5   44.5   57.9   64.2   69.2   69.2   69.2 
 1990   37.2   65.4   86.6   92.0   92.0   92.0   92.0   92.0   92.0   92.0 
 1991   17.3   31.3   31.3   31.3   35.1   41.2   49.1   64.2   64.2   64.2 
 1992   23.2   39.1   41.3   41.9   43.0   43.3   55.2   55.2   56.0   58.4 
 1993   14.8   24.6   28.5   35.4   46.3   59.7   73.8  100.7  103.9  104.7 
 1994   19.8   23.1   27.0   30.9   32.3   37.4   54.9   55.3   55.3   55.3 
 1995   20.9   32.7   32.7   32.7   37.2   42.5   49.6   53.8   53.8   53.8 
 1996   39.6   47.7   48.2   48.7   49.6   79.1   94.5  110.5  159.1  164.2 
 1997   27.4   27.4   27.4   27.4   27.4   30.0   33.0   40.8   41.6   46.1 
 1998   33.5   34.2   35.7   36.4   36.4   36.8   44.5   70.1   70.8   70.8 
 1999   17.3   26.5   32.6   35.0   37.5   39.4   42.6   42.8   42.8   42.9 
 2000   57.1   64.9  115.2  127.8  151.6  158.5  159.0  159.0  159.0  159.0 
 2001   12.7   15.4   16.5   20.3   22.9   35.0   44.7   52.8   52.8   53.2 
 2002   20.6   24.8   27.3   29.1   29.8   34.8   35.2   38.7   56.4   56.4 
 2003   18.6   21.6   25.6   28.6   31.9   36.8   37.2   46.1   47.4   47.4 
 2004   27.5   45.7   46.0   46.3   46.6   46.6   46.6   64.1   64.4   67.1 
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Memo 
To: Jayme D. Campbell, P.Eng., Niagara Peninsula Conservation Authority 

From: Shaina Collin, E.I.T., AquaResource Inc. 

Date: November 9, 2007 

Re: Baseflow Separation and Streamflow Recession 

Note:  The contents of this memo and any attached files are confidential and intended solely for the use of the individual to whom 
they are addressed.  If you are not the intended recipient, please destroy all copies and notify AquaResource Inc. immediately. 

1. Introduction 

AquaResource Inc. is pleased to submit this technical memorandum documenting the baseflow 

separation and streamflow recession tasks completed for the Niagara Peninsula Conservation Authority 

(NPCA).  These tasks are updated components of the Water Budget Conceptual Understanding 

completed in May 2006 for the NPCA.  All Figures for this memo can be found Appendix A.  All relevant 

files will also be submitted electronically to the NPCA. 

Baseflow separation and streamflow recession were performed for the study period of 1991-2005 on all 

Water Survey Canada (WSC) stream gauges in the NPCA.  Table 1 below shows the active and 

historical stream gauges, as well as their drainage areas and period of recorded data.   In total, seven 

stations were used in the baseflow separation and streamflow recession analysis.  Two of the stations – 

02HA031 - Twelve Mile Creek near Power Glen (Power Glen) and 02HA030 - Four Mile Creek near 

Virgil (Virgil), are recent additions to the WSC flow gauge network and have been in operation since 

April 2006; as such, analysis for these stations is limited to 2006-2007.  The following section details the 

methods incorporated in this analysis.   



NPCA Baseflow Separation and Streamflow Recession 

Page 2 

Table 1 - Current and Historical Stream Gauges    

WSC ID Description 
Drainage 

Area (km
2
) 

Data 
Start 
Date 

Data End 
Date 

Analysis 

02HA006 
Twenty Mile Creek  

At Balls Falls 
293 3/1/1957 12/31/2005 Yes 

02HA007 
Welland River  

Below Caistor Corners 
230 7/1/1957 12/31/2005 Yes 

02HA015 
Welland River  

Near Mount Hope 
2 2/1/1980 6/30/1987 No 

02HA016 
Three Mile Creek  
At Mount Hope 

4 2/1/1980 6/30/1987 No 

02HA020 
Twenty Mile Creek  
Above Smithville 

168 1/1/1987 12/31/2005 Yes 

02HA024 
Oswego Creek  

At Canboro 
81 9/1/1988 12/31/2005 Yes 

02HA026 
Big Forks Creek  
Near Wainfleet 

62 4/1/1993 6/30/1993 No 

02HA027 
Walker Creek  

At St. Catharines 
5 1/1/1991 4/30/1995 Yes 

02HA028 
Welland River  
At Wellandport 

473 5/1/1992 9/30/1993 No 

02HA029 
Black Creek  

At Stevensville 
48 10/1/1992 4/30/1993 No 

02HA030 
Four Mile Creek  

Near Virgil 
13 4/1/2006 10/2/2007 Yes 

02HA031 
Twelve Mile Creek  
Near Power Glen 

47 4/1/2006 10/2/2007 Yes 

 

2. Methodology 

2.1. Data Sources 

To perform the baseflow separation and streamflow recession, the most current streamflow data was 

collected from the WSC 2005 HYDAT CD for the five stations with data available during the study 

period.  All relevant data is contained in a single database compiled by AquaResource Inc.  NPCA 

provided provisional streamflow data for Power Glen and Virgil for 2006-2007, which was originally 

obtained from WSC.  It should be noted that the data obtained from the Virgil gauge might be impacted 

by water introduced at the headwaters of Four Mile Creek.  Water is withdrawn for the Niagara-on-the-

Lake irrigation system upstream of the gauge; however it is possible that data may still be impacted.  

The streamflow data from the Virgil gauge has not been modified for the analysis undertaken in this 

report.   
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Rating curves for WSC gauges are typically well maintained, and frequently updated to ensure the 

stage-storage relationship is as accurate as possible.  Gauge operators use a rating curve to relate 

measured water depth to flow.  This curve is generated primarily by physically measuring river discharge 

and relating it to a river stage.  Multiple measurements of flow and stage are combined to develop a 

rating curve for a particular station.  Because estimates of flow are based off of observed 

stage/discharge points, flows that are frequently seen are usually relatively accurate.  Issues can arise 

when infrequent flows, either extreme low flows, or extreme high flows, are estimated using 

extrapolation of the existing stage/discharge relationship.  This is particularly an issue at the extreme low 

end of the flow regime, as very slight, seemingly insignificant shifts in channel morphology can 

significantly impact the stage/discharge relationship.  Backwater effects due to ice and aquatic plant 

growth, which artificially raise the water level, can also affect rating curves and hence artificially increase 

streamflow estimates.  These limitations need to be kept in mind when carrying out any analysis of 

streamflow data.   

In addition, it is worth noting that the short period of record for Walker Creek at St. Catharines (Walker 

Creek) (1991-1995), Power Glen (2006-2007) and Virgil (2006-2007) present another limitation of the 

streamflow data, and may affect the results.   

2.2. Flow Statistics  

To visualize how flows vary seasonally, as well as within a particular month, streamflow data was 

imported into an Access database, where a statistical analysis was carried out for the seven WSC 

stations.  The median, 10th and 90th percentile flows were calculated for each month during the study 

period (1991-2005), or for any available data within that time period; the exception being Power Glen 

and Virgil, which were analyzed for 2006-2007.  Median flows are representative of the flows most often 

observed within each month.  The 10th percentile represents flows that are exceeded 10% of the time, 

and thus are considered high flows.  The 90th percentile represents flows that are exceeded 90% of the 

time, and thus are considered low flows.  By plotting the flow distribution in such a manner, it is possible 

to gain valuable insight on how the system responds due to precipitation events or seasonal shifts, as 

well as determine the significance of hydrologic processes, such as groundwater discharge within the 

upstream drainage area. 
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2.3. Baseflow Separation 

To visualize the various components of the hydrograph, a baseflow separation exercise was carried out 

on the selected stream gauges.  A wide variety of baseflow separation techniques exist, ranging from 

simplistic to very detailed.  The baseflow separation routine used in this analysis is the Baseflow 

Separation Program, included with the Soil and Water Assessment Tool (SWAT) hydrologic model.  

This routine employs a digital filtering technique meant to replicate by-hand hydrograph separation.   

This program has previously been known as BFLOW, and has been selected as the optimum baseflow 

separation technique for a variety of Conservation Authorities in Southern Ontario, including Ausable 

Bayfield, Maitland Valley and the Grand River.  A review of common baseflow separation techniques 

was carried out by the GRCA, and found BFLOW to be the most appropriate (Bellamy et al., 2003).   

In this analysis, all daily streamflow for each of the WSC gauging stations was inputted into BFLOW to 

perform the baseflow separation.  The program outputs three different daily baseflow estimates.   

Following the methodology employed in the Water Budget Conceptual Understanding, the third estimate 

was used in this analysis.  

It is important to keep in mind that while baseflow separation routines may separate quick stream 

response from slow stream response, the association of baseflow to groundwater discharge is not 

absolute.  Baseflow is the release of water from storage contained within the upstream drainage area 

that drains to a particular gauge.  This water released from storage could originate in aquifers, and 

hence be termed groundwater discharge, but also could originate from wetlands or reservoirs.  Other 

anthropogenic impacts such as sewage treatment plant discharges or water diversions may constitute a 

portion of baseflow as well.  In Southern Ontario however, where regional wetland complexes and 

significant lakes are not prevalent, it is valid to assume that baseflow is predominately groundwater 

discharge, provided anthropogenic impacts are accounted for. 

An example output from the baseflow separation is illustrated in Figure 1 for Twenty Mile Creek at Balls 

Falls (Balls Falls).  This example is for the year 2000, and contains a number of significant precipitation 

events that caused measurable responses in the hydrograph.  It can be seen that for all three events, in 

which streamflow exceeded 40 m3/s, only a very small component of the hydrograph is considered to be 

baseflow.  This is due to the hydrograph receding so quickly soon after an event. 

Partitioning streamflow into baseflow and runoff components is inherently uncertain.  The methodologies 

for separating the flow components vary widely and can result in significant differences in estimates of 
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baseflow. Baseflow estimates using the 3rd pass of the BFLOW technique have been used to represent 

groundwater discharge in adjacent watersheds, and have shown good agreement with simulated 

groundwater discharge from regional groundwater flow models (AquaResource Inc., 2007), which 

increases the level of certainty with respect to methodology employed.  Additionally, the NPCA 

Conceptual Water Budget Understanding estimated recharge rates, based on groundwater discharge 

estimates, and was seen as reasonable for the areas analyzed (~50 mm/year for Haldimand Clay Plain 

watersheds).  The assumption of groundwater discharge being represented as baseflow is also an 

uncertainty, particularly with gauges that may be impacted by anthropogenic discharges, such as Four 

Mile Creek near Virgil.  

2.4. Streamflow Recession 

As component of a regional aquifer study, the U.S. Geologic Survey (USGS) developed the RECESS 

program (Rutledge and Mesko, 1996) for the analysis of streamflow recession.  For the purposes of this 

report, the January 2007 version of RECESS was utilized to determine the rate of streamflow recession, 

expressed as a recession index, in days per log cycle, based on WSC streamflow records.   The 

RECESS program should be used when all flow is considered to be groundwater discharge and when 

reduced precipitation is long enough that the profile of the groundwater-head distribution is nearly stable 

and groundwater discharge is then linear, or near-linear on a semi-log plot (Rutledge, 1998).   

The program selects periods of continuous recession from the streamflow dataset and the user decides 

if the recession segment should be analyzed and which portion represents near-linear conditions on a 

semi-log plot.  The program then calculates a recession index in days per log cycle.  This process is 

repeated for all segments of continuous recession for the chosen station.  A graphics application called 

RECPLOT was also used in order to view the recession segments in RECESS. 

The recession index represents the number of days at which streamflow recedes by one order of 

magnitude.  A smaller recession index indicates a faster draining, more variable system, usually 

associated with runoff-driven systems; whereas a larger recession index indicates a slower, more 

damped system, usually associated with a groundwater discharge dominated system.  For example, a 

stream with a contributing area consisting mainly of urban areas overlying low permeability surficial 

materials would have a small recession index; whereas a stream in a rural setting, with significant sand 

and gravel deposits would have a large recession index.   
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The RECESS program requires the user to specify the minimum number of days with consecutively 

lower streamflow, which is required for the recession period to be included in the analysis.  This time 

period represents the minimum length of time for streamflow to return to baseflow conditions.  In 

documentation provided by USGS, this value is generally within 10 to 20 days, with records consisting of 

15 to 40 years (Rutledge, 2007).  This value was assumed to be 14 days for the following NPCA WSC 

stations: Balls Falls, Welland River below Caistor Corners (Caistor Corners), Twenty Mile Creek above 

Smithville (Smithville) and Oswego Creek at Canboro (Canboro).  To detect a sufficient number of 

recession segments for the Walker Creek, Virgil and Power Glen stations, the recession period criteria 

was lowered to 8 days.  The RECESS program then performs a regression analysis on those recession 

periods that meet these criteria, and generates a recession index for each recession.  

Included in Figure 2 is a semi-log plot of a hydrograph for a single storm event recorded at Twenty Mile 

Creek at Balls Falls.  The peak of the event is May 4, 1992.  Section “A” represents the initial response 

to the storm event, where streamflow is primarily comprised of direct overland runoff.  Section “B” 

represents the near-linear conditions in which streamflow is primarily due to baseflow and “C” represents 

the return to baseflow conditions.  The period of continuous recession for this storm event, as selected 

by the RECESS program, is shown in pink.  It should be noted that a very slight increase in flow (such 

as on May 24, 1992) could result in a premature truncation of the recession in the RECESS program, as 

seen in Figure 2.  In the RECESS program, the user is required to truncate the chosen recession period 

by selecting the near-linear segment of the hydrograph, as represented on a semi-log scale 

(represented by section “B” in Figure 2).  This near-linear segment of the recession was found to be 

typically between 5 and 20 days after the peak of the storm event. 

The number of recession indices generated varied significantly between gauges, with the most 

significant factor being period of record.  The four stations with full periods of record for the 1991-2005 

period, had between 46 and 54 recession indices generated, while Walker Creek, Virgil and Power Glen 

had between 4 and 16 recession indices.  Consequently, the overall median recession index for Walker 

Creek, Virgil and Power Glen should be used with caution.  Annual median recession indices should 

also be used with caution, for all stations, as for some years only one recession was analyzed. 

All generated recession indices were imported into an Access database.  For each station, median 

recession indices were calculated for each year within the study period (1991-2005 or 2006-2007), in 

addition to the median index for the entire period.  To isolate possible ice effects within the streamflow 

data, the median recession indices were determined for ice and no-ice periods.  Any streamflow 
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recession commencing from April to November was used to determine the no-ice season recession 

indices and any recession commencing from December to March was used to determine the ice season 

indices. 

3. Results 

3.1. Flow Statistics 

To view the streamflow distribution for each station, the monthly median, 10th percentile and 90th 

percentile flows were calculated and can be viewed in tabular form in Tables 2a and 2b below and in 

graphical form in Figures 3 through 9.  A flow of 1 L/s was used as the minimum detection limit for 

streamflow and for graphing purposes.   

The flow regime observed at all gauging stations is typical of Southern Ontario.  Due to spring freshet, 

annual peak flows are observed during the month of March, except for Walker Creek, which occurs in 

April.  The flows quickly decline through the months of April, May and June, reaching summer low flows 

by July or August.  Low flows remain until the mid to the later portion of the fall, where lower evaporation 

and more regional rainfall allow streamflow to recover. 

For all gauges, there is a significant difference between median flows and 10th percentile flows during 

the spring months.  The 10th percentile flows are on average approximately six times the median flow for 

the month of March.  This suggests the flow regime is extremely flashy, as peak flows are not sustained 

for large periods of time.  Soon after a precipitation event, flows quickly return to baseflow conditions.  

This is indicative of a well-drained watershed dominated by tight surficial materials.  There does not 

seem to be any evidence of significant depression storage on the landscape. 

Summer low flows are lower than in many other regions of Southern Ontario.  Caistor Corners and Balls 

Falls, two of the stations with the largest upstream contributing areas, have monthly median summer 

flows (July – August) below 0.1 m3/s.  For gauges with drainage areas in excess of 200 km2, these low 

median flows indicate that there are no areas with significant groundwater discharge within the gauged 

catchments. 

The 90th percentiles, or low flows, show that Balls Falls, Smithville and Canboro have past occurrences 

of no flow.  For a watershed of 293 km2, such as Balls Falls, to have zero flow, it provides more 

evidence there is very little surface/groundwater interactions for catchments located within the 

Haldimand Clay Plain, and that the majority of the NPCA is almost a completely runoff driven system. 
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Table 2a - Streamflow Distribution (m
3
/s) 

Station 02HA006 02HA007 02HA020 02HA024 

Parameter 90th% Median 10th % 90th% Median 10th % 90th% Median 10th % 90th% Median 10th % 

Jan 0.060 1.000 10.90 0.042 0.679 7.690 0.023 0.460 6.590 0.008 0.180 2.900 

Feb 0.125 1.570 14.10 0.068 0.665 8.380 0.072 0.529 6.820 0.015 0.183 2.850 

Mar 0.576 3.590 19.60 0.314 2.400 11.70 0.240 1.960 9.750 0.100 0.719 5.360 

Apr 0.491 2.380 16.40 0.298 1.900 9.920 0.275 1.240 7.760 0.112 0.701 4.070 

May 0.189 0.662 4.700 0.064 0.558 3.670 0.082 0.420 2.830 0.018 0.133 1.720 

Jun 0.039 0.208 2.210 0.024 0.149 1.440 0.005 0.104 1.560 0.001 0.031 0.898 

Jul 0.001 0.068 1.010 0.005 0.055 0.873 0.001 0.015 0.507 0.001 0.007 0.269 

Aug 0.001 0.008 0.445 0.012 0.060 0.542 0.001 0.001 0.240 0.001 0.006 0.109 

Sep 0.001 0.003 1.290 0.006 0.055 1.370 0.001 0.001 0.902 0.001 0.003 0.186 

Oct 0.001 0.089 2.220 0.020 0.180 1.740 0.001 0.008 1.200 0.003 0.020 0.739 

Nov 0.017 0.425 9.420 0.052 0.383 6.960 0.001 0.275 5.800 0.010 0.119 2.830 

Dec 0.220 1.400 8.160 0.110 0.797 6.160 0.087 0.612 4.820 0.020 0.330 2.660 

NOTE: All values <0.001 have been entered as 0.001 as a detection limit and for graphing purposes 

 
 

Table 2b - Streamflow Distribution (m
3
/s) 

Station 02HA027 02HA030 02HA031 

Parameter 90th% Median 10th % 90th% Median 10th % 90th% Median 10th % 

Jan 0.009 0.021 0.098 0.033 0.197 0.589 0.260 0.490 1.722 

Feb 0.007 0.015 0.047 0.032 0.060 0.200 0.220 0.295 0.450 

Mar 0.016 0.032 0.142 0.120 0.260 0.973 0.519 0.732 3.126 

Apr 0.020 0.039 0.205 0.118 0.154 0.263 0.301 0.412 0.888 

May 0.012 0.020 0.095 0.090 0.108 0.160 0.249 0.291 0.354 

Jun 0.005 0.015 0.136 0.072 0.103 0.135 0.218 0.235 0.286 

Jul 0.004 0.013 0.188 0.056 0.098 0.142 0.216 0.232 0.263 

Aug 0.002 0.010 0.072 0.058 0.115 0.208 0.210 0.218 0.250 

Sep 0.002 0.012 0.091 0.056 0.065 0.177 0.217 0.244 0.413 

Oct 0.005 0.013 0.073 0.081 0.166 1.007 0.296 0.493 3.312 

Nov 0.011 0.025 0.117 0.092 0.106 0.251 0.309 0.359 0.601 

Dec 0.008 0.020 0.106 0.142 0.211 0.402 0.373 0.490 1.230 

NOTE: All values <0.001 have been entered as 0.001 as a detection limit and for graphing purposes 
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Limited data exists to characterize flow conditions below the escarpment, as data from only Walkers 

Creek and Virgil is available.  Both stations have limited periods of record, with 5 years for Walkers 

Creek and 2 years for Virgil.  Due to this limitation it cannot be reliably determined if the streamflows 

observed for the short period of time are characteristic of the upstream catchment or rather 

characteristic of short term climate trends. 

3.2. Streamflow & Baseflow Estimates 

As described in the methodology section, baseflow separation was carried out for all WSC streamflow 

data.  The monthly mean estimates of streamflow and baseflow are shown below in Tables 3 and 4 

respectively, and are plotted for each station in Figures 10 to 16.  These estimates are using data within 

the study period only (1991-2005), not all available data, except for Power Glen and Virgil (2006-6007).  

The estimates are consistent with previous results.  In general, baseflow follows the same seasonal 

trends as streamflow.  Power Glen shows almost identical streamflow and baseflow mean monthly 

estimates for low flow periods (summer months) indicating a reliable source of baseflow from the Fonthill 

Kame; however this may be affected by the lack of long term data. 

Table 3 - Monthly Mean Streamflow (m
3
/s)    

Parameter Streamflow (m
3
/s) 

Station 02HA006 02HA007 02HA020 02HA024 02HA027 02HA030 02HA031 

Jan 4.56 3.19 2.45 1.12 0.06 0.38 1.15 

Feb 5.08 3.43 2.76 1.13 0.03 0.09 0.32 

Mar 7.88 4.89 4.25 2.05 0.07 0.49 1.72 

Apr 6.43 4.37 3.21 1.68 0.08 0.19 0.53 

May 2.24 1.75 1.28 0.67 0.04 0.12 0.30 

Jun 1.14 0.80 0.71 0.49 0.05 0.11 0.26 

Jul 0.58 0.43 0.42 0.09 0.05 0.10 0.24 

Aug 0.20 0.21 0.10 0.08 0.03 0.12 0.23 

Sep 0.55 0.59 0.26 0.13 0.04 0.10 0.30 

Oct 1.02 0.84 0.68 0.22 0.03 0.38 1.16 

Nov 3.12 2.61 1.83 1.05 0.05 0.21 0.47 

Dec 3.24 2.28 1.73 1.10 0.04 0.46 0.78 
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Table 4 - Monthly Mean Baseflow (m
3
/s)     

Parameter Baseflow (m
3
/s) 

Station 02HA006 02HA007 02HA020 02HA024 02HA027 02HA030 02HA031 

Jan 0.65 0.41 0.29 0.11 0.01 0.10 0.34 

Feb 0.79 0.40 0.36 0.14 0.01 0.03 0.23 

Mar 1.35 0.86 0.67 0.29 0.02 0.10 0.43 

Apr 1.27 0.90 0.66 0.30 0.02 0.10 0.27 

May 0.43 0.31 0.24 0.10 0.01 0.09 0.25 

Jun 0.20 0.14 0.10 0.05 0.01 0.07 0.22 

Jul 0.07 0.06 0.03 0.01 0.01 0.07 0.21 

Aug 0.04 0.05 0.02 0.01 0.01 0.07 0.21 

Sep 0.06 0.12 0.03 0.01 0.00 0.06 0.22 

Oct 0.13 0.15 0.07 0.03 0.01 0.08 0.31 

Nov 0.48 0.38 0.27 0.13 0.01 0.09 0.32 

Dec 0.56 0.42 0.25 0.14 0.01 0.13 0.36 

 

3.2.1. Base Flow Indices (BFIs) 

BFI is the ratio of total annual baseflow volume to total annual streamflow volume.  It is used to 

characterize the proportion of total streamflow that is baseflow. Table 5 lists the annual BFIs that have 

been updated to include available data up to 2007.  The annual BFIs for 2004 are lower than previous 

years, except for Smithville.  All annual BFIs for 2005 are the lowest observed for each station. 

The overall BFIs for each station are nearly identical to those determined in the Water Budget 

Conceptual Understanding, as seen in Table 6.  In two cases – Caistor Corners and Canboro, the 

overall BFI decreased by one percent.  The calculated BFIs are remarkably similar to one another, with 

the exception of Power Glen and Virgil.  Walker Creek is slightly higher than the others as well, which 

may be due to the more pervious materials below the Escarpment, or the Escarpment itself.  The BFI 

calculated for Power Glen is substantially higher than most gauges, and is likely due to a significant 

groundwater discharge associated with the Fonthill Kame.  The Virgil station BFI is indicating a more 

substantial groundwater component; possibly due to the pervious materials below the Escarpment, or 

that the water introduced into the headwaters as part of a communal irrigation system is impacting 

observed streamflow.  Estimates of BFI for Power Glen and Virgil may also be affected by the shortened 

period of record. 
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Table 5 - Mean Annual and Overall Base Flow Indices (BFI)   

Year 02HA006 02HA007 02HA020 02HA024 02HA027 02HA030 02HA031 

1991 0.17 0.17 0.17 0.13 0.17 * * 

1992 0.15 0.19 0.13 0.12 0.26 * * 

1993 0.14 0.16 0.13 0.10 0.25 * * 

1994 0.20 0.20 0.17 0.16 0.20 * * 

1995 0.18 0.16 0.15 0.09 0.17 * * 

1996 0.17 0.16 0.16 * * * * 

1997 0.25 0.22 0.22 * * * * 

1998 0.15 0.20 0.13 0.33 * * * 

1999 0.18 0.14 0.18 0.15 * * * 

2000 0.13 0.14 0.13 0.10 * * * 

2001 0.18 0.15 0.16 0.18 * * * 

2002 0.22 0.22 0.21 0.22 * * * 

2003 0.17 0.17 0.14 0.20 * * * 

2004 0.16 0.15 0.15 0.14 * * * 

2005 0.11 0.11 0.11 0.08 * * * 

2006 * * * * * 0.39 0.53 

2007 * * * * * 0.44 0.45 

Overall 0.17 0.17 0.15 0.13 0.21 0.41 0.48 

NOTE: * No data available    

 

Table 6 - Original and Updated BFI Ratios for each Station 

Gauged  

Catchment 

Original BFI  

(1980-2003) 

Updated BFI 

(1991-2005) 

02HA006 Twenty Mile Creek at Balls Falls 0.17 0.17 

02HA007 Welland River Below Caistor Corners 0.18 0.17 

02HA020 Twenty Mill Creek Above Smithville 0.15 0.15 

02HA024 Oswego Creek at Canboro 0.14 0.13 

02HA027 Walkers Creek at St. Catherines 0.21 0.21 
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Table 7 lists estimated BFI values for simplified surficial material to provide context for the expected 

range of BFI values.  While a different baseflow separation technique was employed in Neff et al. (2005) 

than BFLOW (and therefore an absolute comparison is not possible), it is useful to illustrate that the 

calculated BFI for NPCA gauges is at the extreme lower end.  This is further evidence that the majority 

of the NPCA is primarily driven by overland runoff, with very little surfacewater/groundwater interaction.  

Areas below the Escarpment as well as the Fonthill Kame are the exceptions to this, with shortened 

periods of record indicating significant surfacewater/groundwater interactions. 

Table 7 - BFI Ratios for Various Geologic Materials 

Surficial-Geologic Material BFI 

Coarse-textured sediments 0.89 

Bedrock 0.78 

Till 0.52 

Fine-textured sediments 0.25 

Organic sediments 0.09 

Source: Neff, et al. (2005)  

 

3.3. Streamflow Recession 

Tables 8a and 8b show the streamflow recession indices (days/log cycle) for the seven stations.  Each 

station has a full year, no ice season and ice season median index for every year of data, as well as an 

overall median index for the season.  Due to the low number of recessions that were found within 

individual years, caution should be used when utilizing the annual median recession indices.  The 

overall median recession index is calculated using all recession indices and is therefore more 

representative of watershed characteristics.   For the four stations with full datasets, there is consistent 

seasonal variability throughout each year, as nearly every ice season shows higher recession indices 

than the no ice season.  It is also evident that lack of data could create a problem with the results, since 

Walker Creek, Virgil and Power Glen, show less consistent results.   

With the exception of Power Glen, the six other stations have similar overall values, with the overall 

median index for the full year ranging from 12 to 18, with an average of approximately 15 days/log cycle.  

Power Glen has noticeably higher index values, with the median value being approximately 30 days/log 

cycle.  This suggests that the upstream area, dominated by the Fonthill Kame, may be significantly 

dampening the streamflow response of Twelve Mile Creek. 
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Table 8a - RECESS Streamflow Recession Index in Days per Log Cycle    

Station 02HA006 02HA007 02HA020 02HA024 

Period Year No Ice Ice Year No Ice Ice Year No Ice Ice Year No Ice Ice 

1991 5.9 5.9 ~ ~ ~ ~ 15.6 15.6 ~ 15.5 15.5 ~ 

1992 18.5 16.6 20.3 13.1 12.0 14.3 10.1 9.3 16.0 12.5 12.6 12.3 

1993 20.0 14.2 31.4 12.7 12.4 17.2 11.9 7.3 16.6 18.4 16.2 22.2 

1994 16.9 15.2 28.0 17.9 21.8 17.5 9.1 6.3 11.8 15.5 9.2 25.0 

1995 12.8 12.3 21.1 14.5 12.3 14.5 11.3 9.9 16.8 9.2 ~ 9.2 

1996 9.9 9.9 ~ 12.9 14.7 12.4 10.4 10.6 10.4 * * * 

1997 11.3 11.3 ~ ~ ~ ~ 8.3 8.3 ~ * * * 

1998 13.1 16.3 13.1 14.4 15.5 6.5 12.2 ~ 12.2 * * * 

1999 16.6 14.4 16.6 16.8 12.9 19.9 12.7 11.6 15.3 10.8 10.8 11.8 

2000 18.1 6.1 22.6 17.5 11.0 18.0 12.4 9.4 16.4 13.1 8.9 15.1 

2001 14.6 16.8 14.1 ~ ~ ~ 12.3 12.3 ~ 14.0 14.2 13.8 

2002 11.7 11.7 ~ 11.6 11.6 ~ 11.6 11.6 ~ 9.5 9.5 ~ 

2003 13.5 12.2 17.6 16.0 11.7 16.0 13.9 9.5 18.2 21.2 12.3 21.3 

2004 8.3 8.3 14.3 14.7 6.0 21.0 9.6 9.6 14.0 17.2 14.1 27.0 

2005 26.7 15.8 27.5 8.8 8.7 10.7 17.1 11.4 17.1 12.7 12.7 12.0 

Overall 14.3 11.7 20.3 14.3 12.3 15.0 11.6 9.8 16.0 13.6 12.7 16.2 

 
Table 8b - RECESS Streamflow Recession Index in Days per Log Cycle 

Station 02HA027 02HA030 02HA031 

Period Year No Ice Ice Year No Ice Ice Year No Ice Ice 

1991 12.6 12.2 12.9 * * * * * * 

1992 25.4 ~ 25.4 * * * * * * 

1993 12.2 12.2 ~ * * * * * * 

1994 18.2 21.8 14.5 * * * * * * 

1995 21.0 ~ 21.0 * * * * * * 

2006 * * * 21.0 21.0 ~ 25.1 25.1 ~ 

2007 * * * 15.2 18.3 12.1 32.0 34.5 29.6 

Overall 17.0 12.7 19.3 18.2 18.3 12.1 29.5 32.0 29.6 

NOTES: Year All months included in analysis     

 No Ice April to November included in analysis    

 Ice December to March included in analysis   

 ~ No recession for given period     

 * No data available      
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4. Conclusions 

The streamflow analysis that was completed within the NPCA Conceptual Understanding has been 

updated to include 2004 and 2005.  Two additional stations, Twelve Mile Creek near Power Glen and 

Four Mile Creek near Virgil, have recently been added to the WSC network, and have also been 

included in the analysis.  Recession indices for each station have also been calculated using the USGS 

RECESS program. 

The seven WSC gauging stations analyzed in this report showed consistent seasonal variability in 

streamflow and baseflow estimates and streamflow distribution.  Base flow indices were consistent with 

previously reported values, and streamflow recession indices also showed signs of seasonal variability. 
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Figure 1

Baseflow Separation for Twenty Mile Creek at Balls Falls
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Figure 2

Sample Hydrograph for Single Storm Event
Twenty Mile Creek at Balls Falls - May 1992
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Figure 3

Monthly Flow Distribution (1991-2005) for

02HA006 - TWENTY MILE CREEK AT BALLS FALLS
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Figure 4

Monthly Flow Distribution (1991-2005) for 

02HA007 - WELLAND RIVER BELOW CAISTOR CORNERS
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Figure 5

Monthly Flow Distribution (1991-2005) for 

02HA020 - TWENTY MILE CREEK ABOVE SMITHVILLE
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Figure 6

Monthly Flow Distribution (1991-2005) for 

02HA024 - OSWEGO CREEK AT CANBORO
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Figure 7

Monthly Flow Distribution (1991-1995) for 

02HA027 - WALKER CREEK AT ST. CATHERINES
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Figure 8

Monthly Flow Distribution (2006-2007) for 

02HA030 - FOUR MILE CREEK NEAR VIRGIL
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Figure 9

Monthly Flow Distribution (2006-2007) for 

02HA031 - TWELVE MILE CREEK NEAR POWER GLEN
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Figure 10

Monthly Mean Streamflow and Baseflow (1991-2005) for

02HA006 - TWENTY MILE CREEK AT BALLS FALLS
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Figure 11

Monthly Mean Streamflow and Baseflow (1991-2005) for

02HA007 - WELLAND RIVER BELOW CAISTOR CORNERS
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Figure 12

Monthly Mean Streamflow and Baseflow (1991-2005) for 

02HA020 - TWENTY MILE CREEK ABOVE SMITHVILLE
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Figure 13

Monthly Mean Streamflow and Baseflow (1991-2005) for 

02HA024 - OSWEGO CREEK AT CANBORO
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Figure 14

Monthly Mean Streamflow and Baseflow (1991-1995) for 

02HA027 - WALKER CREEK AT ST. CATHERINES
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Figure 15

Monthly Mean Streamflow and Baseflow (2006-2007) for 

02HA030 - FOUR MILE CREEK NEAR VIRGIL
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Figure 16

Monthly Mean Streamflow and Baseflow (2006-2007) for 

02HA031 - TWELVE MILE CREEK NEAR POWER GLEN
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Groundwatersheds Delineation  
 
 The following summarizes the GIS methodology employed in the delineation of 
groundwatersheds and the calculation of groundwater fluxes at NPCA watershed 
planning area boundaries.   Groundwatersheds are conceptually similar to surface 
watersheds mainly because in both systems water flows from high points (divide, 
recharge) to low points (outlets, discharge).  ArcHydro, a tool commonly used to 
delineate surface water catchments from a digital elevation model, was used to delineate 
groundwater catchments from groundwater table and potentiometric elevation surfaces 
generated by Waterloo Hydrologic, Inc (2005).  
 
Preliminary GIS processing 
 
 A preliminary examination of groundwater elevation surfaces revealed artefacts 
resulting from the surface interpolation of well data (Figure 1).  A five cell diameter focal 
mean was run over the original surfaces to smooth out these artefacts (Figure 2).   
 

 
 
Figure 1.  Artefacts on groundwater surface. 
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Figure 2. Artefacts removed from groundwater surface. 
 
Watershed delineation from groundwater elevations using ArcHydro 
 
 The purpose of this text is to illustrate the use of ArcHydro in groundwatershed 
delineation. This hands-on document focuses on how, not why.  To use ArcHydro you 
will need the ArcView Version of ArcGIS with the Spatial Analyst extension.   The 
ArcHydro software can be freely downloaded from ESRI (Environmental Science 
Research Institute) at the following ftp. 
 
ftp site: ftp.esri.com 
User: RiverHydraulics 
Password: river.1114 
  
Getting Started 
 
 To install ArcHydro on your system, you will need to download the latest version 
of ArcHydro, the water utilities application framework, and the XML data exchange. The 
applications should be installed in the following order. 
 

1. Application Framework 
2. XML data exchange 
3. ArcHydro Tools 

Open ArcMap, from the Tools menu item, select Customize.  The customize 
dialog will appear as shown below. 
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 Check the ArcHydro Tools box to load the ArcHydro Toolbar.  Scroll down the 
list of toolbars and check the box next to Spatial Analyst as well to activate the 
extension.  Click Close to close the dialog. 
 
 ArcHydro is a GIS data model, but the tools can be used to derive data sets that 
describe the drainage patterns of catchments.  For this exercise, only the terrain 
processing module will be used. 
 

 
 
 
1. Add the groundwater elevation surface to ArcMap. 
 
2. Save your ArcMap session to the SAME folder where your groundwater elevation 

surface is located.  This will create a file and personal geodatabase with the same 
name as the map document. With the exception of underscores, grids and personal 
geodatabase feature class names should not have spaces, periods or unusual 
characters such as exclamation points. Otherwise, there may be difficulty in 
reading or creating raster datasets or feature classes. Therefore, there should be no 
spaces and periods in the map document name. 
Your_watershed_name_Project_Master should be fine. 

 
3. Right click on the “Layer” data frame in ArcMap’s table of content and select 

“Properties” from the context menu. Click the “General” tab. In the “Name” 
textbox, change the name from layer to GW_Terrain_Processing and click OK. 
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This will create a folder with the name GW_Terrain_Processing where the rasters 
from the terrain processing will be stored. 

 

 
 
 

 
 

 
 

4. On the ArcHydro Toolbar click the drop down arrow on the “ApUtilities” menu 
and select “Set Target Locations” from the context menu. Select “DefaultConfig” 
and click “OK” 
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5. Click the “Map Level” radio button and click the drop down arrow in the “Map 

Name” textbox and select “GW_Terrain_Processing”. The target folders for the 
raster, vector and time series data should be the location where the groundwater 
elevation surface is located. The name of the geodatabase should match the name 
of your ArcMap document. Click “OK” when done. 

 
 

 
 
 
6. From the Terrain Processing menu item, select Data Management.  Data 

Management is used to set the input and target layers for the analysis.  The 
following dialog will appear. 
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7. Click the drop down arrow in the “Raw DEM” textbox and select your 

groundwater elevation surface as the layer. 
 

8.  Click the drop down arrow on the “Terrain Preprocessing” menu item on the 
“ArcHydro Toolbar” and select “DEM Manipulation>Fill Sinks” from the context 
menu. Click the drop down arrow in the “DEM” textbox and select the 
groundwater elevation surface.  Leave the deranged polygon textbox as Null and 
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use the default name “Fil” for the Hydro DEM. Check the “Fill All” radio button 
and click “OK” when done. Depending on the size of the study area and the 
resolution of your DEM, this operation can take a very long time. For example, on 
a 17001 by 6334 DEM the fill operation took about 2 hrs on a dual CPU, dual 
Core (2.6 MHz) computer. So be patient! 

 
 

 
 

   
9.  The next steps are the creation of two terrain derivatives from the filled 

groundwater elevation surface and a series of processing steps to delineate the 
groundwatershed catchments. The first of these derivatives is a flow direction 
grid. This grid shows the orientation of each groundwater elevation surface cell, 
to its neighbour, steepest down slope. Click the drop down arrow on the “Terrain 
Preprocessing” menu item on the “ArcHydro Toolbar” and select “Flow 
Direction” from the context menu. Make sure that the filled groundwater 
elevation surface is selected as input and use the default name for the output flow 
direction grid name and click “OK” when done. 
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10. The next terrain derivative is the flow accumulation grid. It indicates the number 

of upstream cells draining to each groundwater elevation surface cell. Flow 
accumulation values on the grid should increase from the recharge areas of the 
surface to the outlet (i.e. discharge). 

 

 
 
 
11.  Stream definition: Once the terrain derivative layers are generated, they are used 

to generate inputs that physically characterize the catchment and drainage pattern 
of the groundwater elevation surface. In this stage, the flow accumulation grid is 
used to generate a synthetic drainage network based on an area threshold or on the 
number of cells that drain to a cell. For example, if a threshold of 125,000 cells is 
chosen, all cells which have at least an upstream drainage area of 125,000 cells 
will be labelled as being part of the synthetic drainage network. The threshold 
value is influenced by how many details are required in the drainage network and 
catchment for the application of the study.  If more detail is required the user can 
chose a lower threshold and as a result more drainage segments and catchments 
will be generated. On the other hand, the user can choose a higher threshold if a 
more generalized catchment delineation is deemed sufficient.  Click the drop 
down arrow on the “Terrain Preprocessing” menu item on the “ArcHydro 
Toolbar” and select “Stream Definition” from the context menu. Make sure that 
the flow accumulation grid is selected as input and use the default name for the 
output stream grid name and click “OK” when done. 

 
 

 
 
12. A second dialog box will appear. Use an appropriate stream threshold based on 

the information provided above and click “OK”. 
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13. Stream segmentation: The stream definition grid is a grid that shows the location 

of the stream network in the watershed. However, before the catchments can be 
generated, the synthetic stream network needs to be segmented at confluences. 
The stream segmentation process assigns a unique numerical identifier to all cells 
belonging to the same segment. Click the drop down arrow on the “Terrain 
Preprocessing” menu item on the “ArcHydro Toolbar” and select “Stream 
Segmentation” from the context menu. Make sure that the flow direction and the 
stream grid are selected as inputs. Use the default name for the output stream link 
grid and click “OK” when done. 

 

 
14.  Catchment Grid Delineation: In this step a grid representation of a catchment is 

generated for each stream segment. All cells belonging to the same catchment are 
assigned a unique numerical identifier. Click the drop down arrow on the “Terrain 
Preprocessing” menu item on the “ArcHydro Toolbar” and select “Catchment 
Grid Delineation” from the context menu. Make sure that the flow direction and 
the stream link grid are selected as inputs. Use the default name for the output 
catchment grid and click “OK” when done. 
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15. Catchment Polygon Processing: In this step, the grid representation of the 

catchments is converted to a vector representation. Click the drop down arrow on 
the “Terrain Preprocessing” menu item on the “ArcHydro Toolbar” and select 
“Catchment Polygon Processing” from the context menu. Make sure that the 
catchment grid is selected as input. Use the default name for the output catchment 
polygon feature class and click “OK” when done. 

 

 
 
 
16.  Drainage line processing: In this step, the grid representation of the segmented 

synthetic drainage network is converted into a vector representation. Click the 
drop down arrow on the “Terrain Preprocessing” menu item on the “ArcHydro 
Toolbar” and select “Drainage Line Processing” from the context menu. Make 
sure that the stream link and flow direction grids area selected as inputs. Use the 
default name for the drainage line feature class and click “OK” when done. 

 
 

 
 
17.  Adjoint catchment processing: This step aggregates all upstream catchments at 

every stream confluence. This step has no hydrological significance, but is 
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required to set up an HEC-geoHMS project and is completed to increase the 
performance of the point delineation process. Click the drop down arrow on the 
“Terrain Preprocessing” menu item on the “ArcHydro Toolbar” and select 
“Adjoint Catchment Processing” from the context menu. Make sure that the 
drainage line and catchment feature classes are selected as inputs. Use the default 
name for the AdjointCatchment feature class and click “OK” when done. 

 

 
 

18. The groundwater elevation surface catchments are now delineated, an example is 
shown in Figure 3. 
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Figure 3.  Example of groundwater elevation surface catchments. 
 
Generating Groundwater Flux Surface 
 
 In ArcGIS 9.2, a groundwater toolset is available in the spatial analyst toolbox.  
The Darcy Flow tool was used to generate an output flux volume raster from the 
potentiometric and groundwater table elevation surfaces.   The tool requires four 
parameters:   
 
1) Head elevation grid 
2) Porosity grid 
3) Thickness grid 
4) Transmissivity grid 

 
The head elevation grid is a raster containing the potentiometric or groundwater 

table elevations.   The porosity grid is a raster containing values of effective 
formation porosity.  The thickness grid is a raster containing values of saturated 
thickness. The transmissivity grid is a raster containing values of the saturated aquifer 
thickness hydraulic conductivity.  The transmissivity grid was interpolated by the 
nearest neighbour method using converted specific capacity well data from field 
pumping tests.   For the purpose of this analysis, the porosity and thickness values 
were arbitrary set at 1 because that data was not available and is only needed for 
groundwater velocity calculations.   
 
Steps 
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1. Open ArcGIS.  If the toolbox window is not displayed, open the toolbox 
window by clicking the  icon on the standard toolbar.  Expand the Spatial 
Analysts Tools, the groundwater toolset is shown below.   

 

 
2. Double click the Darcy Flow tool.  The following dialog will appear.  Input 

the appropriate layers in the required text box and click OK when done. 
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3. The tool generates ground water flux direction and groundwater flux 

magnitude and residual volume rasters.   The flow direction raster shows the 
direction of the groundwater flux.  The magnitude raster shows the average 
value of the groundwater flux.  The residual volume raster is used to check the 
consistency of the input groundwater dataset. 

 
Calculating a ground water flux at watershed boundaries 

 
 A script was written to calculate the direction (flowing in, flowing out) and 
magnitude of the groundwater flux at watershed boundaries.  The script intersects a 
watershed boundary layer to the flow direction and magnitude raster.  For each 
intersected watershed boundary segment, the script calculates the cardinal direction of the 
watershed boundary segment, compares it to the value from the flow direction raster, 
determines if flow is flowing in or out and calculates the groundwater flux for that 
watershed boundary segment.   Groundwater flux (m3/day) is calculated by multiplying 
the length of the watershed boundary segment to the groundwater flux value from the 
magnitude raster.  
 
Running the watershed boundary ground water flux calculator 
 
Note:  The script requires the ArcInfo version of ArcGIS 9.2 and Spatial Analyst to run. 
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Open ArcGIS.  If the toolbox window is not displayed, open the toolbox window by 
clicking the  icon on the standard toolbar.  Follow the instructions below to add the 
toolbox. 

1. Right-click the ArcToolbox entry in the ArcToolbox window and select Add 
Toolbox from the context menu. 

2. Browse to the Ground_Water folder, locate the Ground_Water.tbx file and add it 
to your toolbox.  

3. NOTE: If you want to make sure this toolbox is added each time you open 
ArcGIS, right-click in the ArcToolbox window and choose "Save Settings > To 
Default" after adding the toolbox. 

Sourcing the script 

1. Expand the Ground Water toolbox by clicking the plus icon 

2. You should see one script entries with the following icon  

3. Right click on the Ground Water Flux Calculator   icon and select properties 
from the context menu. 

4. In the script properties window click the source tab. 
5. Click the folder icon and navigate to the Ground_Water folder and select the 

Ground Water Flux Calculator.pyc file.  The file should have the following icon. 
. 

6. You are now ready to run the script. 

Running the script 

 Double click the Ground Water Flux Calculator   icon.  The following dialog 
box should appear.  Populate all the fields as shown in the dialog box.  The required data 
is located in the Ground_Water folder.  Click the folder icon beside the Watershed 
Boundary Layer textbox.  Navigate to the Ground_Water folder, Double click on the 
Ground_Water geodatabase and select the WSPA layer. 

1) Click the drop down arrow in the Watershed Name Field and select 
WSPA. 

 
2) Click the folder icon beside the Ground Watershed Boundary Layer 

textbox.  Navigate to the Ground_Water folder, Double click on the 
Ground_Water geodatabase and select the GWS_Boundary layer. 

 
3) Click the folder icon beside the Darcy Flow Direction Grid textbox.  

Navigate to the Ground_Water folder and select the ODR raster. 
 

4) Click the folder icon beside the Darcy Flow Magnitude Grid textbox.  
Navigate to the Ground_Water folder and select the OMR raster. 
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5) Click the folder beside the Output Folder textbox and select the location 

where you want the result of the operation to be stored. Click OK when 
done. 

 
6) Click the drop down arrow beside the Delete Intermediate Data textbox 

and select YES.  Please note that the script generates an enormous amount 
of intermediate data.  Therefore, it is recommended that the user select 
YES.  By selecting YES, the script will delete intermediate data that is 
generated while running the script.  Otherwise, if plenty of hard drive 
space is available, select NO.  

 
7) Click OK when you are done.  This process takes a while (approximately 

30 - 40 minutes), be patient and you will get a message when the script is 
finished running.    

 

 For each catchment, a geodatabase is created with the name 
DFC_Workspace.mdb prefixed with the acronym of the WSPA.  If the user elects to 
delete the intermediate data, two layers will be present.  The first, 
Darcy_Flow_Final_Results_by_Line_Segments show the results of the operation for each 
ground water elevation surface catchment line segment intersecting the Darcy Flow 
Direction (ODR) and Darcy Flow Magnitude (OMR) rasters.  The attribute data can be 
accessed by right clicking on the layer.  A short description of the relevant fields is 
provided below: 
First_FDR: Darcy flow direction value from the ODR raster 
First_OMR: Darcy flow Magnitude value from the OMR raster 
X1: X coordinate of the first point of the watershed boundary line segment 
Y1: Y coordinate of the first point of the watershed boundary line segment 
X2: X coordinate of the last point of the watershed boundary line segment 



Page 17 of 18 

Y2: Y coordinate of the last point of the watershed boundary line segment 
DX: Delta X between first and last point of the watershed boundary line segment 
DY: Delta Y between first and last point of the watershed boundary line segment 
Hyp: Hypotenuse of DX and DY 
AZIM: Azimuth of the watershed boundary line segment 
RANGLE: Reverse angle of AZIM 
DFIN: Darcy flow magnitude value in (First_OMR times Shape_Length) 
DFOUT: Darcy flow magnitude value out (First_OMR times Shape_Length) 
ANGLE: Calculated angle of the watershed boundary line segment from DX and DY and 
HYP 
Direction: in or out 
 
  The second layer, Darcy_Flow_Final_Results_by_Boundary_Lines, shows the 
results of the operation by watershed boundary line segments.  A short description of the 
relevant fields is provided below: 
 
DFINF: Darcy flow magnitude value in 
DFOUTF: Darcy flow magnitude value out 
DFNet: Darcy flow magnitude net (DFINF – DFOUTF) 

Exploring the Results 

 Add the Darcy_Flow_Final_Results_by_Line_Segments feature class to the map 
document. In the table of content, right click on the layer and select “Properties” from the 
context menu.  In the layer properties dialog box, click the “Symbology” Tab.  In the 
“Show” window, select “Unique Values” under “Categories”.   Click the drop down 
arrow in the “Value Field” box and select “Direction”.  Click the “Add All Values” 
button as shown in the figure below:  Double click on line for IN and change the colour 
to green.  Repeat the process for OUT and change the colour to red. Click OK when 
done.   As illustrated in Figure 4, the red shows parts of the watershed boundary where 
ground water is flowing out, while the green shows where in the watershed boundary 
ground water is flowing in. 

Reference  
 

Waterloo Hydrologic (2005).  NPCA Groundwater Study.  Final Report. 115 pgs 
+ Appendices. 
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Figure 4.  Visualizing the results. 
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Appendix E 
 



TABLE E.1
MINISTRY OF THE ENVIRONMENT NPSP AREA PERMIT TO TAKE WATER DATABASE
TIER 1 WATER BUDGET AND STRESS ASSESSMENT

Ministry of the Environment Information NPSP AREA ANALYSIS PARAMETERS

Permit_Number MOE Taking_Type Source_Name Major_Category Specific_Purpose Max (L/Day)
Max 

(Day/Year)
Max 

(Hours/Day) Max (L/min) WSPA Source In_Analysis GW_Ratio SW_Ratio Comments

2073-6GHNKT
Surface and Ground 
Water Old Welland Canal Commercial Golf Course Irrigation 2600000 183 24 1777 BDSC SW Yes 0 -0.5

Positive addition from Welland Canal Great Lakes 
source, property partially BDSC

2073-6GHNKT
Surface and Ground 
Water Pond 1 Commercial Golf Course Irrigation 2000000 183 6 5455 BDSC GW Yes 0.2 0

2073-6GHNKT
Surface and Ground 
Water Pond 2 Commercial Golf Course Irrigation 2000000 183 6 5455 BDSC GW Yes 0.2 0

2755-6ZVJAL Ground Water
Four excavated quarry ponds 
and NWS sumps Industrial Aggregate Washing 14400000 365 24 10000 BDSC GW Yes 1 0

3481-74MGRR Surface Water Welland Ship Canal Industrial Cooling Water 364844000 365 24 253363 BDSC SW No 0 0 Not applicable, Great Lakes source and cooling water
3481-74MGRR Surface Water Welland Ship Canal Industrial Cooling Water 5784000 365 24 4017 BDSC SW No 0 0 Not applicable, Great Lakes source and cooling water
3624-6TKJED Surface Water Beaverdams Creek Commercial Golf Course Irrigation 3930000 183 16 4090 BDSC SW Yes 0 1
5165-77ZGZP Ground Water Well 1 Commercial Golf Course Irrigation 327000 275 24 227 BDSC GW Yes 1 0
5165-77ZGZP Ground Water Well 2 Commercial Golf Course Irrigation 589000 275 24 409 BDSC GW Yes 1 0

5165-77ZGZP Ground Water Dug Out Pond Commercial Golf Course Irrigation 2520000 275 24 3500 BDSC SW Yes 0 0.64
Feb 09 EBR posting indicates pond is filled by 
groundwater wells but 64% difference in volume

5612-6XJPFG Surface Water Welland Canal - Weir 1 Industrial Power Production 1814400000 365 24 1260000 BDSC SW No 0 0
Not applicable Great Lakes source -  Welland Canal and 
for hydro generation

5612-6XJPFG Surface Water Welland Canal - Weir 2 Industrial Power Production 1814400000 365 24 1260000 BDSC SW No 0 0
Not applicable Great Lakes source -  Welland Canal and 
for hydro generation

5612-6XJPFG Surface Water Welland Canal - Weir 3 Industrial Power Production 1814400000 365 24 1260000 BDSC SW No 0 0
Not applicable Great Lakes source -  Welland Canal and 
for hydro generation

7524-6FSQGA Surface Water Welland Canal Industrial Cooling Water 9539000 365 24 6624 BDSC SW No 0 0 Not applicable, Great Lakes source and cooling water
00-P-2076 Ground Water Dugout pond Agricultural Sod Farm 1909320 20 10 3182 BFC GW Yes 1 0

03-P-2243
Surface and Ground 
Water Lake Erie Commercial Golf Course Irrigation 943000 153 16 982 BFC SW Yes 0 -1 Great Lakes source addition to system

03-P-2243
Surface and Ground 
Water Pond Commercial Golf Course Irrigation 982000 153 16 2046 BFC GW Yes 0.04 0

Pond maximum amount only 4% greater than transfer 
from Great Lakes addition

03-P-2380 Ground Water Well #66-3229 Water Supply Campgrounds 131000 365 24 91 BFC GW Yes 1 0

1627-72URFV Surface Water
Pumping Station #2, Feeder 
Canal Agricultural Other - Agricultural 2182000 160 24 1515 BFC SW No 0 0 Water supplied by addition from Grand River watershed

1627-72URFV Surface Water
Pumping Station #3, Feeder 
Canal Agricultural Other - Agricultural 2182000 160 24 1515 BFC SW No 0 0 Water supplied by addition from Grand River watershed

1627-72URFV Surface Water
Broad Creek Tributary 
(Stromness Pumping Station) Agricultural Other - Agricultural 6547000 160 24 4546 BFC SW Yes 0 -1 Flow from Grand River watershed to NPSP Area

1627-72URFV Surface Water
Pumping Station #1, Feeder 
Canal Agricultural Other - Agricultural 2182000 160 24 1515 BFC SW No 0 0 Water supplied by addition from Grand River watershed

3673-6FKHRR Surface Water Old Welland Feeder Canal Agricultural Sod Farm 2830000 152 24 1965 BFC SW Yes 0 1

5773-6RWM79
Surface and Ground 
Water

Pond on an intermittent drain, 
tributary to the North Hutchinson 
Drain North Branch Agricultural Field and Pasture Crops 1118000 90 12 1552 BFC SW Yes 0 1

5773-6RWM79
Surface and Ground 
Water Dugout Pond Agricultural Field and Pasture Crops 1118000 90 12 1552 BFC GW Yes 1 0

8786-6KZS5H Ground Water Dugout Pond Agricultural Nursery 296000 183 10 492 BFC GW Yes 1 0
8786-6KZS5H Ground Water Dugout Pond Agricultural Nursery 296000 183 10 492 BFC GW No 0 0
87-P-2059 Ground Water Well 2 Agricultural Other - Agricultural 392774 0 14 455 BFC GW Yes 1 0
87-P-2059 Ground Water Well 3 Agricultural Other - Agricultural 654624 0 24 455 BFC GW Yes 1 0
87-P-2059 Ground Water Well 1 Agricultural Other - Agricultural 654624 0 24 455 BFC GW Yes 1 0
0002-6DZRQL Surface Water Welland River Agricultural Nursery 344000 62 18 318 CWR SW Yes 0 1
00-P-2434 Ground Water dugout pond Agricultural Sod Farm 708200 30 4 2950 CWR GW Yes 1 0

1076-63HNBM
Surface and Ground 
Water Welland River Commercial Golf Course Irrigation 1964000 150 24 1364 CWR SW Yes 0 1

1076-63HNBM
Surface and Ground 
Water Pond Commercial Golf Course Irrigation 1964000 150 9 3637 CWR SW Yes 0 1 Assigned to surface water because pond appears on-line

1867-7FZTJV
Surface and Ground 
Water Irrigation Pond Commercial Golf Course Irrigation 682000 200 10 1136 CWR GW Yes 1 0

1867-7FZTJV
Surface and Ground 
Water Coyle Creek Commercial Golf Course Irrigation 1200000 200 10 2000 CWR SW Yes 0 1

2052-6CKNSN Ground Water Pond Agricultural Nursery 393000 62 18 363 CWR GW Yes 1 0

2457-6LFNPM Surface Water Old Welland Canal Water Supply Municipal 110000000 365 24 75800 CWR SW No 0 0 Great Lakes source Welland Canal
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2801-6T4HVH Surface Water
EC Brown Conservation Area 
Wetland Miscellaneous Wildlife Conservation 7300000 365 24 1244 CWR SW No 0 0 Not applicable wetland creation

4014-6NYK5E Ground Water Pond # 1 Agricultural Nursery 800000 184 12 1137 CWR GW Yes 1 0

4014-6NYK5E Ground Water Pond # 2 Agricultural Nursery 20000 184 4 81.828 CWR GW Yes 1 0
4014-6NYK5E Ground Water Pond # 3 Agricultural Nursery 300000 184 7 175 CWR GW Yes 1 0
4014-6NYK5E Ground Water Pond # 4 Agricultural Nursery 300000 184 5 175 CWR GW Yes 1 0

4315-6FYH6N
Surface and Ground 
Water Welland Canal Recreational Other - Recreational 1965000 180 24 1364 CWR SW No 0 0 Great Lakes source Welland Canal

4315-6FYH6N
Surface and Ground 
Water Dugout Pond Recreational Other - Recreational 3492000 180 16 3637 CWR GW Yes 1 0

5238-6SPH6V Surface Water Brown Wetland 1 Miscellaneous Wildlife Conservation 6197000 365 24 4303 CWR SW No 0 0 Not applicable wetland creation

5238-6SPH6V Surface Water Brown Wetland 2 Miscellaneous Wildlife Conservation 3403000 365 24 20040 CWR SW No 0 0 Not applicable wetland creation
5238-6SPH6V Surface Water Brown Wetland 3 Miscellaneous Wildlife Conservation 1800000 365 24 1250 CWR SW No 0 0 Not applicable wetland creation
5238-6SPH6V Surface Water Brown Wetland 4 Miscellaneous Wildlife Conservation 1350000 365 24 938 CWR SW No 0 0 Not applicable wetland creation
5238-6SPH6V Surface Water Brown Wetland 5 Miscellaneous Wildlife Conservation 810000 365 24 563 CWR SW No 0 0 Not applicable wetland creation

5646-6FRNZB Surface Water
Unnamed tributary to Welland 
River Agricultural Sod Farm 382000 35 8 795 CWR SW Yes 0 1

5813-6APRPT Surface Water Welland Ship Canal
Dewatering 
Construction Construction 1296000 365 24 900 CWR SW No 0 0

Great Lakes source Welland Canal, non-consumptive 
dewatering

6252-6FKP9X Surface Water Welland Ship Canal Industrial Other - Industrial 312000000 365 24 216667 CWR SW No 0 0 Great Lakes source Welland Canal

7751-6GMGPS
Surface and Ground 
Water

On-stream pond on Swazye 
drain, (Tributary of Coyle Creek) Agricultural Nursery 229000 250 8.5 448 CWR SW Yes 0 1

8363-6QAGR4
Surface and Ground 
Water Irrigation pond Commercial Golf Course Irrigation 983000 150 9 1820 CWR SW No 0 0 Holding pond

8363-6QAGR4
Surface and Ground 
Water Welland River Commercial Golf Course Irrigation 983000 150 24 681 CWR SW Yes 0 1

8542-6NTGHE Surface Water Old Welland Canal Industrial Cooling Water 82000000 365 24 57000 CWR SW No 0 0 Great Lakes source Welland Canal
03-P-2103 Surface Water Lake Erie (Rosehill WTP) Water Supply Municipal 78000000 365 24 54167 FEC SW No 0 0 Great Lakes source not included
03-P-2241 Ground Water Well PW3 Commercial Golf Course Irrigation 980000 213 24 681 FEC GW Yes 1 0
03-P-2241 Ground Water Well PW2 Commercial Golf Course Irrigation 980000 0 24 681 FEC GW No 0 0 Not included back-up well

03-P-2241 Ground Water Pond Commercial Golf Course Irrigation 2182000 213 8 4646 FEC GW Yes 0.55 0
55% amount accounts for total rate amount over primary 
well rate

03-P-2296
Surface and Ground 
Water Well (W1) Commercial Golf Course Irrigation 409000 183 24 280 FEC GW No 0 0

Well not on newest (October 2008) EBR permit 
application

03-P-2296
Surface and Ground 
Water Well (W2) Commercial Golf Course Irrigation 1637000 183 24 1137 FEC GW Yes 1 0

03-P-2296
Surface and Ground 
Water Pond on Frenchman's Creek Commercial Golf Course Irrigation 2273000 183 10 3787 FEC SW Yes 0 1

0880-74DSYE Ground Water EW1 Remediation Groundwater 432000 365 24 300 FEC GW Yes 1 0
0880-74DSYE Ground Water EW2 Remediation Groundwater 216000 365 24 150 FEC GW Yes 1 0
0880-74DSYE Ground Water EW3 Remediation Groundwater 216000 365 24 150 FEC GW Yes 1 0
0880-74DSYE Ground Water EW4 Remediation Groundwater 216000 365 24 150 FEC GW Yes 1 0

2820-727K8D Surface Water Black Creek Commercial Golf Course Irrigation 918000 183 9 1700 FEC SW Yes 0 1
2861-62UQVN Ground Water TW2/99 Commercial Golf Course Irrigation 655000 180 24 455 FEC GW Yes 1 0

3420-6ZVPXA Ground Water
Ridgemount North Quarry Pond 
# 1 Industrial Pits and Quarries 7201000 365 24 5000 FEC GW Yes 1 0

7725-6ZVN9T Ground Water
Ridgemount South Quarry Pond 
#2 Dewatering Other - Dewatering 1728000 365 24 1200 FEC GW Yes 1 0
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00-P-2765 Ground Water Well (W-1) Water Supply Other - Water Supply 261850 0 24 182 FSEM GW Yes 1 0
00-P-2765 Ground Water Well (W-2) Water Supply Other - Water Supply 261850 0 0 0 FSEM GW No 0 0 Applied entire taking to main well
00-P-2765 Ground Water Well (W-3) Water Supply Other - Water Supply 261850 0 0 0 FSEM GW No 0 0 Applied entire taking to main well
03-P-2219 Surface Water Lake Ontario Agricultural Market Gardens / Flowers 2945000 15 24 2045 FSEM SW Yes 0 -1 Positive addition to system from Great Lakes source
1266-68DM4N Ground Water Well WWR 66 4178 Industrial Food Processing 206400 61 16 215 FSEM GW Yes 1 0
1266-68DM4N Ground Water Well WWR 66 3853 Industrial Food Processing 117000 61 10 195 FSEM GW Yes 1 0

1545-6CQQLN
Surface and Ground 
Water 15 mile creek Agricultural Other - Agricultural 655000 20 8 1364 FSEM SW Yes 0 1

1545-6CQQLN
Surface and Ground 
Water Pond Agricultural Other - Agricultural 110000 30 2 909 FSEM GW Yes 1 0

1886-6CZMTW Ground Water Dugout Pond Commercial Golf Course Irrigation 2101000 183 7 5001 FSEM GW Yes 1 0
1886-6CZMTW Ground Water Dugout Pond Commercial Golf Course Irrigation 2101000 183 7 5001 FSEM GW No 0 0 Total amount applied to pond 1
1886-6CZMTW Ground Water Dugout Pond Commercial Golf Course Irrigation 2101000 183 7 5001 FSEM GW No 0 0 Total amount applied to pond 1
2035-6GMJ6G Surface Water Sixteen Mile Creek Agricultural Field and Pasture Crops 1296000 15 24 900 FSEM SW Yes 0 1
2035-6GMJ6G Surface Water Fifteen Mile Creek Agricultural Field and Pasture Crops 1296000 15 24 900 FSEM SW Yes 0 1

3332-73XLHC
Surface and Ground 
Water PW1 Agricultural Other - Agricultural 681000 225 24 533 FSEM GW Yes 1 0

3500-6FQN5E Surface Water
local drainage within 15 Mile 
Creek watershed Miscellaneous Wildlife Conservation 11493000 365 24 7981 FSEM SW No 0 0 Not included wetland creation

3630-63BG6H
Surface and Ground 
Water Fifteen Mile Creek Agricultural Market Gardens / Flowers 123000 173 18 114 FSEM SW Yes 0 1

3630-63BG6H
Surface and Ground 
Water Well Agricultural Market Gardens / Flowers 50000 173 7 114 FSEM GW Yes 1 0

3655-6NHNYL Surface Water Tributary to 15 Mile Creek Agricultural Field and Pasture Crops 110000 10 5 366 FSEM SW Yes 0 1

4833-74ARNZ Surface Water
One pond connected to 15 Mile 
Creek Agricultural Other - Agricultural 91000 28 2.5 613 FSEM SW Yes 0 1

4833-74ARNZ Surface Water One pond on 15 Mile Creek Agricultural Other - Agricultural 91000 28 2.5 613 FSEM SW Yes 0 1

5283-6CKR8H
Surface and Ground 
Water 15 Mile Creek Agricultural Other - Agricultural 39000 60 4 159 FSEM SW Yes 0 1

5283-6CKR8H
Surface and Ground 
Water Dugout Pond Agricultural Other - Agricultural 76000 365 8 159 FSEM GW Yes 1 0

5445-6DUK9K
Surface and Ground 
Water 15 Mile Creek Agricultural Tender Fruit 312000 21 8 650 FSEM SW Yes 0 1

5445-6DUK9K
Surface and Ground 
Water Dugout Agricultural Tender Fruit 436000 21 8 909 FSEM GW Yes 1 0

5558-6B7MFW Surface Water 15 Mile Creek Agricultural Other - Agricultural 174700 100 8 364 FSEM SW Yes 0 1

5664-6FTJSD Surface Water 16 Mile Creek Agricultural Market Gardens / Flowers 131000 200 12 182 FSEM SW Yes 0 1

5700-6YPHJA
Surface and Ground 
Water Fifteen Mile Creek #1 Agricultural Nursery 745000 25 6 2069 FSEM SW Yes 0 1

5700-6YPHJA
Surface and Ground 
Water Fifteen Mile Creek #2 Agricultural Nursery 98000 365 24 68 FSEM SW Yes 0 1

5700-6YPHJA
Surface and Ground 
Water Dugout Pond Agricultural Nursery 994000 144 8 2069 FSEM GW Yes 1 0

5736-6R6NCU Surface Water Surface water runoff Miscellaneous Wildlife Conservation 4056000 365 24 9130 FSEM SW No 0 0 Not included wetland creation
5763-6CRPE2 Surface Water Pond on 16 Mile Creek Agricultural Fruit Orchards 909000 10 8 1818.4 FSEM SW Yes 0 1
6334-6FJJZ4 Ground Water Dugout pond Agricultural Tender Fruit 764000 15 7 1818 FSEM GW Yes 1 0
6533-6CKL9S Surface Water Jordan Harbour Agricultural Tender Fruit 219000 75 8 455 FSEM SW Yes 0 -1 Positive addition to system from Lake Ontario
7424-6CKKQD Surface Water 15 Mile Creek Agricultural Fruit Orchards 982000 15 12 1363.8 FSEM SW Yes 0 1
88-P-2067 Surface Water Lake Ontario Agricultural Other - Agricultural 2727600 0 0 0 FSEM SW Yes 0 -1 Positive addition to system from Lake Ontario

94-P-2063 Ground Water Pond Commerical Golf Course Irrigation 1091400 0 16 1137 FSEM GW No 0 0 Not included pond filled by well
94-P-2063 Ground Water Well Commercial Golf Course Irrigation 2618496 0 24 1818 FSEM GW Yes 1 0
03-P-2195 Ground Water Well Industrial Aggregate Washing 1091000 365 24 1820 FSEM GW Yes 1 0
3221-5VVN7L Ground Water Sump Dewatering Pits and Quarries 17675000 365 24 12300 GR GW Yes 1 0
93-P-2062 Surface Water Lake Ontario (Casablanca WTP) Water Supply Municipal 44000000 365 24 30555 GR SW No 0 0 Not included Great Lakes source
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0276-776Q6U Ground Water Quarry Lake Commercial Golf Course Irrigation 90000 243 8 946 LENS GW Yes 1 0
0276-776Q6U Ground Water Stormwater Pond Commercial Golf Course Irrigation 90000 243 4 1875 LENS GW No 0 0 Not included filled by pumping of Quarry Lakes
03-P-2242 Ground Water Quarry Water Supply Communal 4461000 183 24 5400 LENS GW Yes 1 0
03-P-2269 Surface Water Lake Erie Water Supply Communal 371000 243 16 386 LENS SW No 0 0 Not included Great Lakes source
0575-6YNN6Y Ground Water A1 Remediation Other - Remediation 57600 365 24 40 LENS GW Yes 1 0
0575-6YNN6Y Ground Water A2 Remediation Other - Remediation 57600 365 24 40 LENS GW Yes 1 0
0575-6YNN6Y Ground Water B1 Remediation Other - Remediation 57600 365 24 40 LENS GW Yes 1 0
0575-6YNN6Y Ground Water B2 Remediation Other - Remediation 57600 365 24 40 LENS GW Yes 1 0
0575-6YNN6Y Ground Water C1 Remediation Other - Remediation 57600 365 24 40 LENS GW Yes 1 0
0575-6YNN6Y Ground Water C2 Remediation Other - Remediation 57600 365 24 40 LENS GW Yes 1 0
0717-6WFKDR Ground Water Long Beach C.A. Shore Well Water Supply Campgrounds 737000 214 24 682 LENS SW No 0 0 Not included Great Lakes source

2216-6CCNMS Surface Water West Quarry Dewatering Other - Dewatering 32731000 365 24 22730 LENS SW Yes 0 1
2278-6WHHXA Surface Water Welland Canal Industrial Cooling Water 1045000 365 24 725 LENS SW No 0 0 Not included Great Lakes source of cooling water
2424-78CP3G Surface Water Lake Erie Water Supply Communal 389000 365 24 270 LENS SW No 0 0 Not included Great Lakes source
3827-74BGTY Ground Water Quarry sumps 1&2 Dewatering Pits and Quarries 3,283,000 260 8 7546 LENS GW Yes 1 0
5566-5WRTGZ Surface Water Welland Canal Water Supply Municipal 45460000 365 24 31600 LENS SW No 0 0 Not included Great Lakes source for municipal supply
5118-7HRGKG Ground Water Quarry Sump Industrial Aggregate Washing 20117000 365 24 14000 LENS GW Yes 1 0

79-P-2038 Ground Water Sewer Excavation Dewatering Other - Dewatering 8182800 365 12 5683 LENS GW Yes 1 -1
Positive addition to surface water from groundwater 
dewatering

93-P-2071 Ground Water Well #1 Industrial Other - Industrial 41000 250 8 86 LENS GW Yes 1 0
93-P-2071 Ground Water Well #2 Industrial Other - Industrial 55000 250 8 114 LENS GW Yes 1 0
93-P-2071 Ground Water Well #3 Industrial Other - Industrial 109000 250 8 227 LENS GW Yes 1 0
93-P-2071 Ground Water Well #24 Industrial Other - Industrial 164000 250 8 114 LENS GW Yes 1 0
93-P-2071 Ground Water Well #25 Industrial Other - Industrial 98000 250 8 68 LENS GW Yes 1 0
0008-5ZUKRH Surface Water Lake Ontario Agricultural Tender Fruit 184500 20 5 615 LIN SW Yes 0 -1 Positive addition from Great Lakes source

0123-6BGTKR
Surface and Ground 
Water Lake Ontario Agricultural Tender Fruit 632000 213 2.9 3637 LIN SW Yes 0 -1 Positive addition from Great Lakes source

0123-6BGTKR
Surface and Ground 
Water Pond Agricultural Tender Fruit 632000 213 10 1052 LIN GW No 0 0 Holding pond

0177-7BKRRB Surface Water Lake Ontario Agricultural Market Gardens / Flowers 500000 26 6 1389 LIN SW Yes 0 -1 Positive addition from Great Lakes source

01-P-2172
Surface and Ground 
Water Lake Ontario Agricultural Tender Fruit 1364000 0 0 2273 LIN SW Yes 0 -1 Positive addition from Great Lakes source

01-P-2172
Surface and Ground 
Water Dugout pond#1 Agricultural Tender Fruit 1023000 0 0 5455 LIN GW No 0 0 Holding pond

01-P-2172
Surface and Ground 
Water Dugout pond#2 Agricultural Tender Fruit 1023000 0 0 5455 LIN GW No 0 0 Holding pond

1322-6BDPCF Surface Water Lake Ontario Agricultural Tender Fruit 164000 180 0.75 3637 LIN SW Yes 0 -1 Positive addition from Great Lakes source
1322-6BDPCF Surface Water Cistern Agricultural Tender Fruit 164000 180 12 227 LIN SW No 0 0 Holding cistern

2226-6GEQFJ Surface Water
Shorewell connected to Lake 
Ontario Agricultural Nursery 198000 84 10 330 LIN SW Yes 0 -1 Positive addition from Great Lakes source

2265-6CCNAN
Surface and Ground 
Water Lake Ontario Agricultural Tender Fruit 819000 121 3.75 3637 LIN SW Yes 0 -1 Positive addition from Great Lakes source

2265-6CCNAN
Surface and Ground 
Water Pond Agricultural Tender Fruit 819000 121 20 682 LIN GW No 0 0 Holding pond

2612-6DTJKP Surface Water Lake Ontario Agricultural Field and Pasture Crops 1137000 20 8 2364 LIN SW Yes 0 -1 Positive addition from Great Lakes source

2845-6AXMER Ground Water Pond Agricultural Tender Fruit 245000 10 6 682 LIN GW Yes 1 0

3782-6BGTQZ
Surface and Ground 
Water Lake Ontario Agricultural Tender Fruit 655000 184 3 3637 LIN SW Yes 0 -1 Positive addition from Great Lakes source

3782-6BGTQZ
Surface and Ground 
Water Pond Agricultural Tender Fruit 655000 184 24 455 LIN GW No 0 0 Holding pond

4328-6ZVPY4 Surface Water Home Pond Agricultural Fruit Orchards 1054000 35 16 1098 LIN SW Yes 0 1
4328-6ZVPY4 Surface Water Sipos Pond Agricultural Fruit Orchards 1054000 35 16 1098 LIN SW Yes 0 1

5540-6G3HXB Surface Water Jordan Harbour Agricultural Nursery 218000 150 10 362 LIN SW Yes 0 -1 Positive addition from Great Lakes source

7566-6E3PBZ Surface Water Lake Ontario Agricultural Field and Pasture Crops 1087000 20 8 2264 LIN SW Yes 0 -1 Positive addition from Great Lakes source
8127-74RJ2H Surface Water 2 Ponds Agricultural Other - Agricultural 211200 40 16 220 LIN SW Yes 0 1
8147-6E3PGP Surface Water Lake Ontario Agricultural Field and Pasture Crops 245500 365 9 455 LIN SW Yes 0 -1 Positive addition from Great Lakes source
8273-6G3KRU Surface Water Lake Ontario Agricultural Fruit Orchards 651000 20 8 1356 LIN SW Yes 0 -1 Positive addition from Great Lakes source
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00-P-2501 Surface Water Chippawa Creek (Welland River) Water Supply Municipal 145475000 365 24 144444 LWR SW No 0 0 Not included municipal Great Lakes source

03-P-2314
Surface and Ground 
Water Welland River Commercial Golf Course Irrigation 2192000 210 12 3105 LWR SW Yes 0 1

03-P-2314
Surface and Ground 
Water Dugout pond Commercial Golf Course Irrigation 1669500 210 12 3485 LWR SW No 0 0 Holding ponds

03-P-2314
Surface and Ground 
Water Dugout pond Commercial Golf Course Irrigation 1669500 210 12 3485 LWR SW No 0 0 Holding ponds

1460-6D4KTD Surface Water Welland River Industrial Cooling Water 10903000 365 24 7571 LWR SW Yes 0 1
2868-6D4HHE Surface Water Welland River Industrial Cooling Water 50400000 365 24 35000 LWR SW Yes 0 1
3850-6HQQ76 Surface Water Welland River Industrial Manufacturing 5700000 365 24 3960 LWR SW Yes 0 1

7210-6BVHTK
Surface and Ground 
Water Chippawa Power Canal Commercial Golf Course Irrigation 1817000 80 20 1514 LWR SW No 0 0 Supplied by OPG diversion to Chippawa Power Canal

7210-6BVHTK
Surface and Ground 
Water Pond A Commercial Golf Course Irrigation 1817000 80 8 3785 LWR SW No 0 0 Holding pond

7725-6FJH88 Surface Water Welland River Commercial Golf Course Irrigation 737000 60 9 1364 LWR SW Yes 0 1
92-P-2033 Surface Water Welland River Industrial Cooling Water 13082000 305 24 9085 LWR SW Yes 0 1

0038-63YQDU Surface Water
One Pond connected to Lake 
Ontario Agricultural Tender Fruit 6547000 60 24 4546 NOTL SW Yes 0 -1 Positve addition from Great Lakes into system

00-P-2495 Ground Water Mountain Road LFS well PW3 Remediation Groundwater 129600 365 24 90 NOTL GW Yes 1 0
00-P-2495 Ground Water Mountain Road LFS well PW4 Remediation Groundwater 319680 365 24 222 NOTL GW Yes 1 0
00-P-2495 Ground Water Mountain Road LFS well PW5 Remediation Groundwater 142560 365 24 99 NOTL GW Yes 1 0

00-P-2495 Ground Water
Mountain Road LFS STANDBY 
WELL PW6 Remediation Groundwater 0 0 0 0 NOTL GW No 0 0 Removed from current permit

00-P-2495 Ground Water Mountain Road LFS well PW7 Remediation Groundwater 25920 365 24 18 NOTL GW Yes 1 0

00-P-2495 Ground Water
Mountain Road LFS STANDBY 
WELL PW8 Remediation Groundwater 0 0 0 0 NOTL GW No 0 0 Removed from current permit

00-P-2495 Ground Water Mountain Road LFS well PW9 Remediation Groundwater 17280 365 24 12 NOTL GW Yes 1 0

00-P-2495 Ground Water
Mountain Road LFS STANDBY 
WELL PW10 Remediation Groundwater 0 0 0 0 NOTL GW No 0 0 Removed from current permit

00-P-2495 Ground Water
Mountain Road LFS STANDBY 
WELL PW11 Remediation Groundwater 0 0 0 0 NOTL GW No 0 0 Removed from current permit

00-P-2495 Ground Water Mountain Road LFS well PW12 Remediation Groundwater 8640 365 24 6 NOTL GW Yes 1 0
00-P-2495 Ground Water Mountain Road LFS well PW2 Remediation Groundwater 51840 365 24 36 NOTL GW Yes 1 0
00-P-2495 Ground Water Mountain Road LFS well PW13 Remediation Groundwater 43200 365 24 30 NOTL GW Yes 1 0

00-P-2495 Ground Water Mountain Road LFS well PW14 Remediation Groundwater 38880 365 24 27 NOTL GW Yes 1 0
00-P-2495 Ground Water Mountain Road LFS well PW15 Remediation Groundwater 21600 365 24 15 NOTL GW Yes 1 0
00-P-2584 Ground Water One dugout pond Agricultural Other - Agricultural 360000 25 6 1000 NOTL GW Yes 1 0
0643-6ZVRBM Surface Water Virgil Upper Reservoir Agricultural Other - Agricultural 16400000 365 24 11400 NOTL SW Yes 0 1

0643-6ZVRBM Surface Water Virgil Lower Reservoir Agricultural Other - Agricultural 16400000 365 24 11400 NOTL SW Yes 0 1

1348-6DSR3Q Surface Water Welland Ship Canal Agricultural Tender Fruit 607000 120 8 1263 NOTL SW Yes 0 -1 Positve addition from Great Lakes into system

2073-6GHNKT
Surface and Ground 
Water Old Welland Canal Commercial Golf Course Irrigation 2600000 183 24 1777 NOTL SW Yes 0 -0.5

Positive addition from Great Lakes into system, property 
partially in NOTL

2073-6GHNKT
Surface and Ground 
Water Pond 3 Commercial Golf Course Irrigation 2000000 183 6 5455 NOTL GW Yes 0.2 0

2073-6GHNKT
Surface and Ground 
Water Pond 4 Commercial Golf Course Irrigation 2000000 183 6 5455 NOTL GW Yes 0.2 0

2073-6GHNKT
Surface and Ground 
Water Pond 5 Commercial Golf Course Irrigation 2000000 183 6 5455 NOTL GW Yes 0.2 0

2378-6XQSRP
Surface and Ground 
Water Niagara River Agricultural Tender Fruit 500000 20 8 1041 NOTL SW Yes 0 -1 Positve addition from Great Lakes into system

2378-6XQSRP
Surface and Ground 
Water Dugout Pond Agricultural Tender Fruit 500000 20 8 1041 NOTL GW No 0 0 Holding pond

3036-6ENRD9
Surface and Ground 
Water Six Mile Creek Agricultural Tender Fruit 1609000 100 24 1117 NOTL SW Yes 0 1

3036-6ENRD9
Surface and Ground 
Water Dugout Pond Agricultural Tender Fruit 537000 10 8 1117 NOTL GW Yes 1 0

3042-74TR4L Surface Water Welland Ship Canal Water Supply Other - Water Supply 3543000 275 24 2460 NOTL SW Yes 0 -1 Positve addition from Great Lakes into system
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3128-6CCQ6K Surface Water Lake Ontario Agricultural Tender Fruit 1207000 60 18 1117 NOTL SW Yes 0 -1 Positve addition from Great Lakes into system
3572-6FTFJF Surface Water Lake Ontario Agricultural Tender Fruit 2412000 100 18 2233 NOTL SW Yes 0 -1 Positve addition from Great Lakes into system
3780-6UVPST Ground Water Quarry Sump Dewatering Pits and Quarries 562000 365 24 390 NOTL GW Yes 1 0
4550-74TQ4Q Surface Water Welland Ship Canal Water Supply Other - Water Supply 21810000 275 24 15140 NOTL SW Yes 0 -1 Positve addition from Great Lakes into system
5030-6CPR2H Surface Water Welland Ship Canal Agricultural Tender Fruit 6546000 120 24 4546 NOTL SW Yes 0 -1 Positve addition from Great Lakes into system
5231-6ZKHDU Surface Water Pond Agricultural Fruit Orchards 333000 30 8 693 NOTL SW Yes 0 1

5475-6DCMS2 Surface Water
Drainage Ditch (Four Mile 
Creek) Agricultural Fruit Orchards 2619000 150 16 2728 NOTL SW Yes 0 1

5821-72RNSU Surface Water Chippawa Power Canal Water Supply Municipal 22730000 275 24 15911 NOTL SW Yes 0 -1 Positve addition from Great Lakes into system

6854-6D5PM3 Surface Water
Four Mile Creek  Lot 154 
(Location #1) Agricultural Tender Fruit 1818000 33 16 1893 NOTL SW Yes 0 1

6854-6D5PM3 Surface Water
Four Mile Creek Lot 186 
(Location #2) Agricultural Tender Fruit 1818000 33 16 1893 NOTL SW No 0 0 Three ponds takings assigned to one pond

6854-6D5PM3 Surface Water
Four Mile Creek Lot 187 
(Location 3) Agricultural Tender Fruit 1818000 33 16 1893 NOTL SW No 0 0 Three ponds takings assigned to one pond

7165-6W7R3Y Surface Water Pond # 1 Agricultural Fruit Orchards 100000 30 12 139 NOTL SW Yes 0 1
7165-6W7R3Y Surface Water Pond # 2 Agricultural Fruit Orchards 100000 90 12 139 NOTL SW Yes 0 1
7376-74TL6N Surface Water Niagara River Water Supply Municipal 27255000 275 24 18925 NOTL SW Yes 0 -1 Positve addition from Great Lakes into system

7552-6HWLZD Ground Water Dugout Pond Agricultural Tender Fruit 1609000 100 24 1117 NOTL SW Yes 0 1
Pond assigned to surface water rather than 
groundwater, is on-line

76-P-2025 Ground Water Quarry Excavation sump Industrial Other - Industrial 7845000 0 24 5450 NOTL GW No 0 0 Not in operation

7754-74UN9R Surface Water
Ontario Power Generation 
Reservoir Water Supply Other - Water Supply 18000000 275 24 12490 NOTL SW Yes 0 -1

Positve addition from Great Lakes (OPG Beck 
Reservoir) into system

8130-5YJKQY Surface Water Welland Canal Agricultural Market Gardens / Flowers 50000 20 8 1000 NOTL SW Yes 0 -1 Positve addition from Great Lakes into system
8518-6GTPVA Ground Water Dugout Pond 1 Commercial Golf Course Irrigation 273000 150 4 1136 NOTL GW Yes 1 0
8518-6GTPVA Ground Water Dugout Pond 2 Commercial Golf Course Irrigation 273000 150 4 1136 NOTL GW No 0 0 Three ponds but only one can be used at a time
8518-6GTPVA Ground Water Dugout Pond 3 Commercial Golf Course Irrigation 273000 150 4 1136 NOTL GW No 0 0 Three ponds but only one can be used at a time
88-P-2073 Surface Water Niagara River Agricultural Other - Agricultural 3272727 0 0 0 NOTL SW Yes 0 -1 Positve addition from Great Lakes into system
99-P-2047 Ground Water Municipal Well (Notl #6) Recreational Aesthetics 2880000 0 0 0 NOTL GW No 0 0 Not in operation

03-P-2135 Surface Water Chippawa Power Canal Commercial Golf Course Irrigation 1227000 115 9 2273 NFU SW Yes 0 -1
Great Lakes source adding water from non-consumptive 
portion to golf course

1835-76ZR7P Surface Water Niagara River Recreational Other - Recreational 4906000 200 16 5110 NFU SW Yes 0 -1
Great Lakes source adding water from non-consumptive 
portion to golf course, gardens and lawns

2770-6LYLZW Ground Water Outlet Channel Sump Construction Dewatering Construction 8640000 365 24 6000 NFU SW No 0 0
Not applicable - Great Lakes Source from Chippawa 
Power Canal and OPG Reservoir recirculating

7730-75HKQC
Surface and Ground 
Water Circular Cofferdam Construction Dewatering Construction 108864000 183 24 75600 NFU SW No 0 1

Cofferdam construction permit in Niagara River, a Great 
Lakes source

7730-75HKQC
Surface and Ground 
Water Intake Channel Sump(s) Construction Dewatering Construction 8640000 365 24 6000 NFU GW No 1 0

Location in Niagara River outside NFU

7730-75HKQC
Surface and Ground 
Water Pier 2 Cofferdam Construction Dewatering Construction 432000 183 24 300 NFU SW No 0 1

Cofferdam construction permit in Niagara River, a Great 
Lakes source

8510-6QHGKA Ground Water Tunnel Sump Construction Dewatering Construction 24192000 365 24 16800 NFU GW No 1 0
Deep groundwater system between Rochester Shale 
and Queenston Shale - not applicable

00-P-2387 Ground Water Dugout pond Commercial Golf Course Irrigation 1091040 0 8 2273 SNF GW Yes 1 0
00-P-2387 Ground Water Well Commercial Golf Course Irrigation 523700 0 24 363.7 SNF GW Yes 1 0

03-P-2314
Surface and Ground 
Water Dugout pond Commercial Golf Course Irrigation 1669500 210 12 3485 SNF SW No 0 0 Holding pond

03-P-2314
Surface and Ground 
Water Dugout pond Commercial Golf Course Irrigation 1669500 210 12 3485 SNF SW No 0 0 Holding pond

03-P-2314
Surface and Ground 
Water Dugout pond Commercial Golf Course Irrigation 1669500 210 12 3485 SNF SW No 0 0 Holding pond

03-P-2314
Surface and Ground 
Water Dugout pond Commercial Golf Course Irrigation 1669500 210 12 3485 SNF SW No 0 0 Holding pond

1844-6TMGDJ Surface Water Susin Wetland 1 Miscellaneous Wildlife Conservation 810000 365 24 563 SNF SW No 0 0 Not applicable wetland creation
1844-6TMGDJ Surface Water Susin Wetland 2 Miscellaneous Wildlife Conservation 2880000 365 24 2000 SNF SW No 0 0 Not applicable wetland creation
3725-6SYHMF Surface Water Sauer Wetland #1 Miscellaneous Wildlife Conservation 1125000 365 24 781 SNF SW No 0 0 Not applicable wetland creation
3725-6SYHMF Surface Water Sauer Wetland #2 Miscellaneous Wildlife Conservation 1102000 365 24 765 SNF SW No 0 0 Not applicable wetland creation
4412-6G8KZY Surface Water Niagara River Commercial Golf Course Irrigation 5670000 240 24 3937 SNF SW Yes 0 -1 Positive addition to system from Great Lakes source

4412-6G8KZY Surface Water Storage Pond Commercial Golf Course Irrigation 6534000 240 12 9074 SNF SW Yes 0 0.13
13% difference between maximum taking from Niagara 
River and holding pond
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TABLE E.1
MINISTRY OF THE ENVIRONMENT NPSP AREA PERMIT TO TAKE WATER DATABASE
TIER 1 WATER BUDGET AND STRESS ASSESSMENT

Ministry of the Environment Information NPSP AREA ANALYSIS PARAMETERS

Permit_Number MOE Taking_Type Source_Name Major_Category Specific_Purpose Max (L/Day)
Max 

(Day/Year)
Max 

(Hours/Day) Max (L/min) WSPA Source In_Analysis GW_Ratio SW_Ratio Comments

63-P-0056 Surface Water Lyons Creek Commercial Golf Course Irrigation 1473000 213 12 2200 SNF SW Yes 0 1
8550-796M76 Surface Water Federow Pond 1 Miscellaneous Wildlife Conservation 91000 365 24 4676 SNF SW No 0 0 Not applicable wetland creation
8550-796M76 Surface Water Federow Pond 2 Miscellaneous Wildlife Conservation 42000 365 24 2164 SNF SW No 0 0 Not applicable wetland creation
00-P-2134 Ground Water Well Agricultural Fruit Orchards 150018 80 22 114 TWEN GW Yes 1 0
00-P-2358 Ground Water Dugout pond Commercial Golf Course Irrigation 545000 40 6 1514 TWEN GW Yes 1 0
00-P-2758 Ground Water six wells Industrial Other - Industrial 653760 0 24 454 TWEN GW Yes 1 0
00-P-2812 Ground Water well Agricultural Other - Agricultural 61371 365 9 114 TWEN GW Yes 1 0
00-P-2812 Ground Water dugout pond Agricultural Other - Agricultural 1091040 40 8 2273 TWEN SW Yes 0 1 Pond on-line reclassed to surface water
00-P-2812 Ground Water dugout pond Agricultural Other - Agricultural 1091040 40 8 2273 TWEN SW Yes 0 1 Pond on-line reclassed to surface water
01-P-2122 Ground Water Dugout pond (Lions Club Park) Recreational Other - Recreational 225000 124 10 900 TWEN GW Yes 1 0
03-P-2341 Surface Water Twenty Mile Creek Commercial Golf Course Irrigation 655000 231 4 2728 TWEN SW Yes 0 1
03-P-2409 Ground Water Dugout Pond Agricultural Sod Farm 2451600 150 6 6810 TWEN SW Yes 0 1 Pond on-line reclassed to surface water
03-P-2409 Ground Water Dugout Pond Agricultural Sod Farm 2451600 150 6 6810 TWEN SW Yes 0 1 Pond on-line reclassed to surface water
03-P-2410 Ground Water Dugout pond Agricultural Sod Farm 2451600 160 6 6810 TWEN SW Yes 0 1 Pond on-line reclassed to surface water
03-P-2411 Ground Water Dugout pond Agricultural Sod Farm 2451600 150 6 6810 TWEN SW Yes 0 1 Pond on-line reclassed to surface water
2422-64PNAT Surface Water Tributary to 20 Mile Creek Agricultural Tender Fruit 120000 45 10 200 TWEN SW Yes 0 1

4328-6ZVPY4 Surface Water Lake Ontario Agricultural Fruit Orchards 873000 30 8 1818 TWEN SW No 0 0
Not included Great Lakes source and distribution 
unknown in considered addition

5388-6ZYR34 Ground Water Two sumps Industrial Aggregate Washing 21602000 365 24 15000 TWEN GW Yes 1 0
5468-758KX9 Ground Water Lincoln Quarry Sump Dewatering Pits and Quarries 5040000 365 24 3500 TWEN GW Yes 1 0
5876-796KWE Surface Water Restored Wetland Miscellaneous Wildlife Conservation 3918000 365 24 43100 TWEN SW No 0 0 Not included wetland creation
6230-6RFRE9 Ground Water Pond A Commercial Golf Course Irrigation 1000000 100 6 1589 TWEN GW Yes 1 0

7104-6FDPY9 Surface Water
20 Mile Creek impoundment 
formed by dam Recreational Other - Recreational 65578000 365 24 45540 TWEN SW No 0 0 Consumption factor by evaporation less than 0.00%

7330-6ERR66 Surface Water Pond Commercial Golf Course Irrigation 3492000 274 14 4160 TWEN SW No 0 0 Holding pond

7330-6ERR66 Surface Water
20 Mile Creek which recharges 
an onstream pond Commercial Golf Course Irrigation 3492000 274 22 2637 TWEN SW Yes 0 1

99-P-2029 Ground Water Smithville Wells RW1-RW8 Remediation Groundwater 169256 365 0 0 TWEN GW Yes 1 0
99-P-2029 Ground Water Smithville CWM Lagoon Remediation Groundwater 87168 365 8 181 TWEN GW Yes 1 0
99-P-2041 Ground Water Lions Club Park Well Institutional Other - Institutional 50000 0 2 351 TWEN GW Yes 1 0
01-P-2254 Ground Water Well #2 (WWR #6600672) Water Supply Municipal 164000 365 24 1136 UTWEL GW No 0 0 Not in operation
01-P-2254 Ground Water Well #1 Water Supply Municipal 164000 365 24 1136 UTWEL GW No 0 0 Not in operation

02-P-2020
Surface and Ground 
Water Well Water Supply Campgrounds 190000 156 14 200 UTWEL GW Yes 1 0

02-P-2020
Surface and Ground 
Water Spring Recreational Other - Recreational 240000 156 10 400 UTWEL SW Yes 0 1

03-P-2175
Surface and Ground 
Water Well #12 Commercial Golf Course Irrigation 109019 244 24 76 UTWEL GW Yes 1 0

03-P-2175
Surface and Ground 
Water Pond #12 Commercial Golf Course Irrigation 75900 244 11 115 UTWEL GW Yes 1 0

03-P-2175
Surface and Ground 
Water Pond  #17 Commercial Golf Course Irrigation 273600 244 6 760 UTWEL GW Yes 1 0

2248-6EYFDP Surface Water
Unnamed tributary to 12 Mile 
Creek Miscellaneous Wildlife Conservation 13578000 365 24 9429 UTWEL SW No 0 0 Not included wetland creation

3332-73XLHC
Surface and Ground 
Water PW2 Agricultural Other - Agricultural 1135000 225 24 888 UTWEL GW Yes 1 0

3332-73XLHC
Surface and Ground 
Water Irrigation Pond Agricultural Other - Agricultural 3048000 225 24 6350 UTWEL GW Yes 0.41 0

41% to cover pond total rate over supply well, pond on 
watershed boundary suggesting groundwater source

0362-68CMX2 Surface Water Decew Falls Lower Reservoir Water Supply Municipal 227000000 365 24 208320 LTWEL SW No 0 0
Not included Great Lakes source, addition applied in 
Water Availability Study results

0362-68CMX2 Surface Water Lake Gibson- Back-up supply Water Supply Municipal 227000000 365 24 208320 LTWEL SW No 0 0
Not included Great Lakes source, addition applied in 
Water Availability Study results

03-P-2175
Surface and Ground 
Water Well #2 Commercial Golf Course Irrigation 109019 244 24 76 LTWEL GW Yes 1 0

03-P-2175
Surface and Ground 
Water Pond #2 Commercial Golf Course Irrigation 244800 244 11 340 LTWEL SW Yes 0 1

03-P-2374 Ground Water Dugout Pond Commercial Golf Course Irrigation 523000 152 8 1090 LTWEL GW Yes 1 0
03-P-2374 Ground Water Well Commercial Golf Course Irrigation 115000 152 8 182 LTWEL GW Yes 1 0
2101-6DTL8D Surface Water Richardson's Creek Agricultural Market Gardens / Flowers 290000 20 3.5 1364 LTWEL SW Yes 0 1
5738-6CJRE6 Surface Water 12 Mile Creek Industrial Other - Industrial 274000 160 8 570 LTWEL SW Yes 0 1
65-P-0004 Surface Water Martindale Pond Agricultural Nursery 1840000 0 15 2050 LTWEL SW Yes 0 1
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TABLE E.1
MINISTRY OF THE ENVIRONMENT NPSP AREA PERMIT TO TAKE WATER DATABASE
TIER 1 WATER BUDGET AND STRESS ASSESSMENT

Ministry of the Environment Information NPSP AREA ANALYSIS PARAMETERS

Permit_Number MOE Taking_Type Source_Name Major_Category Specific_Purpose Max (L/Day)
Max 

(Day/Year)
Max 

(Hours/Day) Max (L/min) WSPA Source In_Analysis GW_Ratio SW_Ratio Comments

7876-6BULDE Surface Water Twelve Mile Creek Industrial Power Production 18489600000 365 24 12840000 LTWEL SW No 0 0 Not included non-consumptive use
97-P-2040 Surface Water Dugout Pond Commercial Golf Course Irrigation 1309000 213 12 1818 LTWEL SW Yes 0 1
97-P-2040 Surface Water Twelve Mile Creek Commercial Golf Course Irrigation 1047000 213 24 727 LTWEL SW Yes 0 1
01-P-2187 Ground Water dugout Agricultural Nursery 491000 112 0 909 UWR SW Yes 0 1 Pond appears on-line
01-P-2187 Ground Water Well Agricultural Nursery 9000 112 0 137 UWR GW Yes 1 0

0368-6JWR7X
Surface and Ground 
Water Dils Lake Water Supply Other - Water Supply 164160 200 24 114 UWR SW Yes 0 1

0368-6JWR7X
Surface and Ground 
Water Well 1 Water Supply Other - Water Supply 66000 200 24 46 UWR GW Yes 1 0

03-P-2074 Ground Water Well Commercial Golf Course Irrigation 164000 183 24 114 UWR GW Yes 1 0
03-P-2074 Ground Water Pond Commercial Golf Course Irrigation 446400 183 24 310 UWR SW Yes 0 1 Pond appears recharged by surface water
03-P-2297 Ground Water local drainage to a pond Recreational Wetlands 6811000 0 0 25000 UWR SW No 0 0 Not applicable wetland creation
1228-6AKS3M Ground Water Pond Agricultural Sod Farm 1137000 30 11 1591 UWR GW Yes 1 0

1443-73UH7U
Surface and Ground 
Water Dugout Pond #4 Agricultural Nursery 700000 365 24 1000 UWR GW Yes 1 0

1647-6VDM9R Surface Water London Wetland #1 Miscellaneous Wildlife Conservation 4365000 365 24 3031 UWR SW No 0 0 Not applicable wetland creation
1647-6VDM9R Surface Water London Wetland #2 Miscellaneous Wildlife Conservation 1900000 365 24 1319 UWR SW No 0 0 Not applicable wetland creation

1647-6VDM9R Surface Water London Wetland #3 Miscellaneous Wildlife Conservation 2525000 365 24 1753 UWR SW No 0 0 Not applicable wetland creation

2363-728KNT Surface Water
Welland River (Port Davidson 
Weir) Miscellaneous Dams and Reservoirs 7776000 365 24 5400 UWR SW No 0 0

Impoundment area sufficiently small <0.5% consumption 
in August

2478-728LBJ Surface Water
Pond formed by a weir on 
Oswego Creek Miscellaneous Dams and Reservoirs 38600000 365 24 26800 UWR SW No 0 0

Impoundment area sufficiently small <0.00% 
consumption in August

2640-6G8GLX Surface Water Welland River Recreational Wetlands 14112000 365 24 9800 UWR SW No 0 0 Not applicable wetland creation

3840-6G6NLE Surface Water
Tributaries to the Lower Grand 
River (46 Ponds) Recreational Wetlands 56000 365 24 39 UWR SW No 0 0 Not applicable wetland creation

4716-728LMF Surface Water Welland River Miscellaneous Dams and Reservoirs 22000000 365 24 15277 UWR SW Yes 0 1
Consumption factor of 3% determined for August based 
upon Environment canada lake evaporation values

5144-796JYA Surface Water McDowell Wetland 1 Miscellaneous Wildlife Conservation 553000 365 24 9000 UWR SW No 0 0 Not applicable wetland creation

5144-796JYA Surface Water McDowell Wetland 2 Miscellaneous Wildlife Conservation 1702000 365 24 20460 UWR SW No 0 0 Not applicable wetland creation
5350-6SZND7 Surface Water Matusewski Wetland Miscellaneous Wildlife Conservation 447000 365 24 8760 UWR SW No 0 0 Not applicable wetland creation
5656-6SZL2C Surface Water Urbshas Wetland Miscellaneous Wildlife Conservation 1080000 365 24 750 UWR SW No 0 0 Not applicable wetland creation
8125-6SYPHF Surface Water Schofield Wetland #1 Miscellaneous Wildlife Conservation 827000 365 24 9060 UWR SW No 0 0 Not applicable wetland creation
8125-6SYPHF Surface Water Schofield Wetland #2 Miscellaneous Wildlife Conservation 490000 365 24 5520 UWR SW No 0 0 Not applicable wetland creation
8480-6FTKWM Ground Water Pond No. 3 Commercial Golf Course Irrigation 680000 183 5 2270 UWR GW Yes 1 0
8480-6FTKWM Ground Water Well TWI Commercial Golf Course Irrigation 48000 183 24 33 UWR GW Yes 1 0
8584-6SYNVW Surface Water McEwan Wetland Miscellaneous Wildlife Conservation 3564000 365 24 2475 UWR SW No 0 0 Not applicable wetland creation
87-P-2011 Ground Water Well Commercial Golf Course Irrigation 140000 0 20 114 UWR GW Yes 1 0
87-P-2011 Ground Water Pond Commercial Golf Course Irrigation 705000 0 17 682 UWR SW Yes 0 0.8 20% appears supplied by groundwater well
87-P-2011 Ground Water Well Commercial Golf Course Irrigation 41000 0 15 46 UWR GW Yes 1 0
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Permit to take water demand calculations 
 

The following documents the GIS workflow used in the calculations of monthly 
water demands from all current Permits to Take Water.  Because of multiple conditions 
involved in the process, the monthly water demands were calculated through the use of a 
python script. 
 

1. The first step was to look at the number of days that the permit was valid for.  The 
days were distributed across a monthly calendar under the following assumptions: 

 
a) If the number of days were less than 32, all days were assumed to be in 

August. 
b) If the number of days were greater than 31 and less than 63, days were 

assigned to August, then July 
c) If the number of days were greater than 62 and less than 93, days were 

assigned to August, July, and then June. 
d) If the number of days were greater than 92 and less than 122, days were 

assigned to August, July, June and then September. 
e) If the number of days were greater than 122, days were equally distributed 

before and after a median date of August 1st. 
f) If the number of days were equal to 0, the usage factors from the monthly 

table (Table E.1) were used to determine the months for which the well 
was in operation based on major category and specific purpose. 

 
2. Once the days were distributed across a monthly calendar, monthly values were 

calculated by multiplying the number of day by the maximum daily rates.  These 
values were adjusted by applying consumptive use factors based on major 
category and specific purpose (Table E.2). 

 
3. Groundwater and surface water demand output calculations were separated by 

watershed planning areas, major category, and specific purpose into two 
categories.  Water takings have a negative water demand values and diversions 
have a positive values.     
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Appendix Table E.1 Monthly use table 
Major Category Specific Purpose Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Months Total Days 

Agricultural Field and Pasture Crops 0 0 0 0 0 0 1 1 0 0 0 0 2 28 
Agricultural Fruit Orchards 0 0 0 0 0 0 1 1 0 0 0 0 2 28 
Agricultural Market Gardens / Flowers 0 0 0 0 0 0 1 1 0 0 0 0 2 28 
Agricultural Nursery 0 0 0 0 0 0 1 1 0 0 0 0 2 28 
Agricultural Other - Agricultural 0 0 0 0 0 0 1 1 0 0 0 0 2 28 
Agricultural Other - Miscellaneous 0 0 0 0 0 0 1 1 0 0 0 0 2 28 
Agricultural Sod Farm 0 0 0 0 0 1 1 1 1 0 0 0 4 56 
Agricultural Tender Fruit 0 0 0 0 0 0 1 1 0 0 0 0 2 28 
Agricultural Tobacco 0 0 0 0 0 0 1 1 0 0 0 0 2 28 
Commercial Aquaculture 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Commercial Bottled Water 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Commercial Campgrounds 0 0 0 0 1 1 1 1 1 0 0 0 5 153 
Commercial Golf Course Irrigation 0 0 0 0 0 1 1 1 1 0 0 0 4 122 
Commercial Mall / Business 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Commercial Other - Commercial 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Commercial Snowmaking 1 1 0 0 0 0 0 0 0 0 0 1 3 90 
Construction Construction 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Construction Dewatering Construction 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Construction Other - Construction 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Construction Road Building 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Dewatering Construction 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Dewatering Other - Dewatering 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Dewatering Other - Industrial 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Dewatering Pits and Quarries 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Dewatering Pumping Test 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Industrial Aggregate Washing 0 0 0 0 1 1 1 1 1 1 1 0 7 214 
Industrial Brewing and Soft Drinks 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Industrial Cooling Water 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Industrial Food Processing 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Industrial Manufacturing 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Industrial Other - Industrial 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
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Appendix E.1 Monthly use table (continued) 

Major Category Specific Purpose Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Months Total Days 

Industrial Pipeline Testing 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Industrial Power Production 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Institutional Hospitals 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Institutional Other - Institutional 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Institutional Schools 1 1 1 1 1 1 0 0 1 1 1 1 10 303 
Miscellaneous Dams and Reservoirs 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Miscellaneous Heat Pumps 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Miscellaneous Other - Miscellaneous 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Miscellaneous Power Production 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Miscellaneous Pumping Test 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Miscellaneous Wildlife Conservation 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Recreational Aesthetics 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Recreational Fish Ponds 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Recreational Groundwater 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Recreational Other - Recreational 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Recreational Wetlands 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Remediation Groundwater 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Remediation Other 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Remediation Other - Remediation 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Water Supply Campgrounds 0 0 0 0 1 1 1 1 1 0 0 0 5 153 
Water Supply Communal 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Water Supply Municipal 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
Water Supply Other - Water Supply 1 1 1 1 1 1 1 1 1 1 1 1 12 365 
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Appendix E.2 Consumptive Factor Table. 
Major Category Specific Purpose Consumptive Factor 
Agricultural Field and Pasture Crops 0.8 
Agricultural Fruit Orchards 0.8 
Agricultural Market Gardens / Flowers 0.9 
Agricultural Nursery 0.9 
Agricultural Other - Agricultural 0.8 
Agricultural Other - Miscellaneous 0.8 
Agricultural Sod Farm 0.9 
Agricultural Tender Fruit 0.8 
Agricultural Tobacco 0.9 
Commercial Aquaculture 0.1 
Commercial Bottled Water 1 
Commercial Campgrounds 0.2 
Commercial Golf Course Irrigation 0.7 
Commercial Mall / Business 0.25 
Commercial Other - Commercial 1 
Commercial Snowmaking 0.5 
Construction Construction 0.75 
Construction Dewatering Construction 0.25 
Construction Other - Construction 0.75 
Construction Road Building 0.75 
Dewatering Construction 0.25 
Dewatering Other - Dewatering 0.25 
Dewatering Other - Industrial 0.25 
Dewatering Pits and Quarries 0.008 
Dewatering Pumping Test 0.25 
Industrial Aggregate Washing 0.10 
Industrial Brewing and Soft Drinks 1 
Industrial Cooling Water 0.02 
Industrial Food Processing 1 
Industrial Manufacturing 0.25 
Industrial Other - Industrial 0.25 
Industrial Pipeline Testing 0.25 
Industrial Power Production 0.1 
Institutional Hospitals 0.25 
Institutional Other - Institutional 0.25 
Institutional Schools 0.25 
Miscellaneous Dams and Reservoirs 0.03 
Miscellaneous Heat Pumps 0.1 
Miscellaneous Other - Miscellaneous 1 
Miscellaneous Power Production 0.1 
Miscellaneous Pumping Test 0.1 
Miscellaneous Wildlife Conservation 0.1 
Recreational Aesthetics 0.25 
Recreational Fish Ponds 0.25 
Recreational Groundwater 0.1 
Recreational Other - Recreational 0.1 
Recreational Wetlands 0.1 
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Appendix E.2 Consumptive Factor Table (continued) 
Major Category Specific Purpose Consumptive Factor 
Remediation Groundwater 0.5 
Remediation Other 0.25 
Remediation Other - Remediation 0.25 
Water Supply Campgrounds 0.2 
Water Supply Communal 0.2 
Water Supply Municipal 0.2 
Water Supply Other - Water Supply 0.2 

 
 
 
 
 
 
 



TABLE F.1
PTTW DEMAND
TIER 1 WATER BUDGET AND STRESS ASSESSMENT

WSPA MonthN MajorCat SpecPur Data Total
BDSC Jan Industrial Aggregate Washing Sum of GWTakings(m3) 7475.47344

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 7475.47344
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0

Jan Sum of GWTakings(m3) 7475.47344
Jan Sum of SWTakings(m3) 0
Jan Sum of SWDiversions(m3) 0
Jan Sum of SWGLTakings(m3) 0
Feb Commercial Golf Course Irrigation Sum of GWTakings(m3) 3206

Sum of SWTakings(m3) 5644.8
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 3206
Commercial Sum of SWTakings(m3) 5644.8
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 10367.9442

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 10367.9442
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0

Feb Sum of GWTakings(m3) 13573.9442
Feb Sum of SWTakings(m3) 5644.8
Feb Sum of SWDiversions(m3) 0
Feb Sum of SWGLTakings(m3) 0
Mar Commercial Golf Course Irrigation Sum of GWTakings(m3) 19877.2

Sum of SWTakings(m3) 34997.76
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 19877.2
Commercial Sum of SWTakings(m3) 34997.76
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 13957.7598

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 13957.7598
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0

Mar Sum of GWTakings(m3) 33834.9598
Mar Sum of SWTakings(m3) 34997.76
Mar Sum of SWDiversions(m3) 0
Mar Sum of SWGLTakings(m3) 0
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TABLE F.1
PTTW DEMAND
TIER 1 WATER BUDGET AND STRESS ASSESSMENT

BDSC Apr Commercial Golf Course Irrigation Sum of GWTakings(m3) 19236
Sum of SWTakings(m3) 33868.8
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 19236
Commercial Sum of SWTakings(m3) 33868.8
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 14614.9944

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 14614.9944
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0

Apr Sum of GWTakings(m3) 33850.9944
Apr Sum of SWTakings(m3) 33868.8
Apr Sum of SWDiversions(m3) 0
Apr Sum of SWGLTakings(m3) 0
May Commercial Golf Course Irrigation Sum of GWTakings(m3) 37237.2

Sum of SWTakings(m3) 120278.76
Sum of SWDiversions(m3) 12090
Sum of SWGLTakings(m3) 28210

Commercial Sum of GWTakings(m3) 37237.2
Commercial Sum of SWTakings(m3) 120278.76
Commercial Sum of SWDiversions(m3) 12090
Commercial Sum of SWGLTakings(m3) 28210
Industrial Aggregate Washing Sum of GWTakings(m3) 5482.3728

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 5482.3728
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0

May Sum of GWTakings(m3) 42719.5728
May Sum of SWTakings(m3) 120278.76
May Sum of SWDiversions(m3) 12090
May Sum of SWGLTakings(m3) 28210
Jun Commercial Golf Course Irrigation Sum of GWTakings(m3) 36036

Sum of SWTakings(m3) 116398.8
Sum of SWDiversions(m3) 11700
Sum of SWGLTakings(m3) 27300

Commercial Sum of GWTakings(m3) 36036
Commercial Sum of SWTakings(m3) 116398.8
Commercial Sum of SWDiversions(m3) 11700
Commercial Sum of SWGLTakings(m3) 27300
Industrial Aggregate Washing Sum of GWTakings(m3) 1552.092

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 1552.092
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
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BDSC Jun Sum of GWTakings(m3) 37588.092
Jun Sum of SWTakings(m3) 116398.8
Jun Sum of SWDiversions(m3) 11700
Jun Sum of SWGLTakings(m3) 27300
Jul Commercial Golf Course Irrigation Sum of GWTakings(m3) 37237.2

Sum of SWTakings(m3) 120278.76
Sum of SWDiversions(m3) 12090
Sum of SWGLTakings(m3) 28210

Commercial Sum of GWTakings(m3) 37237.2
Commercial Sum of SWTakings(m3) 120278.76
Commercial Sum of SWDiversions(m3) 12090
Commercial Sum of SWGLTakings(m3) 28210
Industrial Aggregate Washing Sum of GWTakings(m3) 1534.1544

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 1534.1544
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0

Jul Sum of GWTakings(m3) 38771.3544
Jul Sum of SWTakings(m3) 120278.76
Jul Sum of SWDiversions(m3) 12090
Jul Sum of SWGLTakings(m3) 28210
Aug Commercial Golf Course Irrigation Sum of GWTakings(m3) 37237.2

Sum of SWTakings(m3) 120278.76
Sum of SWDiversions(m3) 12090
Sum of SWGLTakings(m3) 28210

Commercial Sum of GWTakings(m3) 37237.2
Commercial Sum of SWTakings(m3) 120278.76
Commercial Sum of SWDiversions(m3) 12090
Commercial Sum of SWGLTakings(m3) 28210
Industrial Aggregate Washing Sum of GWTakings(m3) 1544.1912

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 1544.1912
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0

Aug Sum of GWTakings(m3) 38781.3912
Aug Sum of SWTakings(m3) 120278.76
Aug Sum of SWDiversions(m3) 12090
Aug Sum of SWGLTakings(m3) 28210
Sep Commercial Golf Course Irrigation Sum of GWTakings(m3) 36036

Sum of SWTakings(m3) 116398.8
Sum of SWDiversions(m3) 11700
Sum of SWGLTakings(m3) 27300

Commercial Sum of GWTakings(m3) 36036
Commercial Sum of SWTakings(m3) 116398.8
Commercial Sum of SWDiversions(m3) 11700
Commercial Sum of SWGLTakings(m3) 27300
Industrial Aggregate Washing Sum of GWTakings(m3) 1771.7904

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0
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BDSC Sep Industrial Sum of GWTakings(m3) 1771.7904
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0

Sep Sum of GWTakings(m3) 37807.7904
Sep Sum of SWTakings(m3) 116398.8
Sep Sum of SWDiversions(m3) 11700
Sep Sum of SWGLTakings(m3) 27300
Oct Commercial Golf Course Irrigation Sum of GWTakings(m3) 37237.2

Sum of SWTakings(m3) 120278.76
Sum of SWDiversions(m3) 12090
Sum of SWGLTakings(m3) 28210

Commercial Sum of GWTakings(m3) 37237.2
Commercial Sum of SWTakings(m3) 120278.76
Commercial Sum of SWDiversions(m3) 12090
Commercial Sum of SWGLTakings(m3) 28210
Industrial Aggregate Washing Sum of GWTakings(m3) 700.8048

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 700.8048
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0

Oct Sum of GWTakings(m3) 37938.0048
Oct Sum of SWTakings(m3) 120278.76
Oct Sum of SWDiversions(m3) 12090
Oct Sum of SWGLTakings(m3) 28210
Nov Commercial Golf Course Irrigation Sum of GWTakings(m3) 19236

Sum of SWTakings(m3) 33868.8
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 19236
Commercial Sum of SWTakings(m3) 33868.8
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 1075.17744

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 1075.17744
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0

Nov Sum of GWTakings(m3) 20311.17744
Nov Sum of SWTakings(m3) 33868.8
Nov Sum of SWDiversions(m3) 0
Nov Sum of SWGLTakings(m3) 0
Dec Commercial Golf Course Irrigation Sum of GWTakings(m3) 10259.2

Sum of SWTakings(m3) 18063.36
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 10259.2
Commercial Sum of SWTakings(m3) 18063.36
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
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BDSC Dec Industrial Aggregate Washing Sum of GWTakings(m3) 1571.40874
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 1571.40874
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0

Dec Sum of GWTakings(m3) 11830.60874
Dec Sum of SWTakings(m3) 18063.36
Dec Sum of SWDiversions(m3) 0
Dec Sum of SWGLTakings(m3) 0

BDSC Sum of GWTakings(m3) 354483.3636
BDSC Sum of SWTakings(m3) 840356.16
BDSC Sum of SWDiversions(m3) 71760
BDSC Sum of SWGLTakings(m3) 167440
BFC Jan Water Supply Campgrounds Sum of GWTakings(m3) 576.4

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 576.4
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Jan Sum of GWTakings(m3) 576.4
Jan Sum of SWTakings(m3) 0
Jan Sum of SWDiversions(m3) 0
Jan Sum of SWGLTakings(m3) 0
Feb Water Supply Campgrounds Sum of GWTakings(m3) 733.6

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 733.6
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Feb Sum of GWTakings(m3) 733.6
Feb Sum of SWTakings(m3) 0
Feb Sum of SWDiversions(m3) 0
Feb Sum of SWGLTakings(m3) 0
Mar Water Supply Campgrounds Sum of GWTakings(m3) 812.2

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 812.2
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Mar Sum of GWTakings(m3) 812.2
Mar Sum of SWTakings(m3) 0
Mar Sum of SWDiversions(m3) 0
Mar Sum of SWGLTakings(m3) 0
Apr Water Supply Campgrounds Sum of GWTakings(m3) 786

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0
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BFC Apr Water Supply Sum of GWTakings(m3) 786
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Apr Sum of GWTakings(m3) 786
Apr Sum of SWTakings(m3) 0
Apr Sum of SWDiversions(m3) 0
Apr Sum of SWGLTakings(m3) 0
May Agricultural Nursery Sum of GWTakings(m3) 8258.4

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Agricultural Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 24878.6
Sum of SWGLTakings(m3) 99514.4

Sod Farm Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 38205
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 8258.4
Agricultural Sum of SWTakings(m3) 38205
Agricultural Sum of SWDiversions(m3) 24878.6
Agricultural Sum of SWGLTakings(m3) 99514.4
Commercial Golf Course Irrigation Sum of GWTakings(m3) 439.936

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 4526.4
Sum of SWGLTakings(m3) 10561.6

Commercial Sum of GWTakings(m3) 439.936
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 4526.4
Commercial Sum of SWGLTakings(m3) 10561.6
Water Supply Campgrounds Sum of GWTakings(m3) 812.2

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 812.2
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

May Sum of GWTakings(m3) 9510.536
May Sum of SWTakings(m3) 38205
May Sum of SWDiversions(m3) 29405
May Sum of SWGLTakings(m3) 110076
Jun Agricultural Field and Pasture Crops Sum of GWTakings(m3) 25043.2

Sum of SWTakings(m3) 25043.2
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Nursery Sum of GWTakings(m3) 7992
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Agricultural Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 39282
Sum of SWGLTakings(m3) 157128
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BFC Jun Agricultural Sod Farm Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 76410
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 33035.2
Agricultural Sum of SWTakings(m3) 101453.2
Agricultural Sum of SWDiversions(m3) 39282
Agricultural Sum of SWGLTakings(m3) 157128
Commercial Golf Course Irrigation Sum of GWTakings(m3) 824.88

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 8487
Sum of SWGLTakings(m3) 19803

Commercial Sum of GWTakings(m3) 824.88
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 8487
Commercial Sum of SWGLTakings(m3) 19803
Water Supply Campgrounds Sum of GWTakings(m3) 786

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 786
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Jun Sum of GWTakings(m3) 34646.08
Jun Sum of SWTakings(m3) 101453.2
Jun Sum of SWDiversions(m3) 47769
Jun Sum of SWGLTakings(m3) 176931
Jul Agricultural Field and Pasture Crops Sum of GWTakings(m3) 27726.4

Sum of SWTakings(m3) 27726.4
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Nursery Sum of GWTakings(m3) 8258.4
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Agricultural Sum of GWTakings(m3) 42210.1456
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 40591.4
Sum of SWGLTakings(m3) 162365.6

Sod Farm Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 78957
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 78194.9456
Agricultural Sum of SWTakings(m3) 106683.4
Agricultural Sum of SWDiversions(m3) 40591.4
Agricultural Sum of SWGLTakings(m3) 162365.6
Commercial Golf Course Irrigation Sum of GWTakings(m3) 852.376

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 8769.9
Sum of SWGLTakings(m3) 20463.1

Commercial Sum of GWTakings(m3) 852.376
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 8769.9
Commercial Sum of SWGLTakings(m3) 20463.1
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BFC Jul Water Supply Campgrounds Sum of GWTakings(m3) 812.2
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 812.2
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Jul Sum of GWTakings(m3) 79859.5216
Jul Sum of SWTakings(m3) 106683.4
Jul Sum of SWDiversions(m3) 49361.3
Jul Sum of SWGLTakings(m3) 182828.7
Aug Agricultural Field and Pasture Crops Sum of GWTakings(m3) 27726.4

Sum of SWTakings(m3) 27726.4
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Nursery Sum of GWTakings(m3) 8258.4
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Agricultural Sum of GWTakings(m3) 42210.1456
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 40591.4
Sum of SWGLTakings(m3) 162365.6

Sod Farm Sum of GWTakings(m3) 34367.76
Sum of SWTakings(m3) 78957
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 112562.7056
Agricultural Sum of SWTakings(m3) 106683.4
Agricultural Sum of SWDiversions(m3) 40591.4
Agricultural Sum of SWGLTakings(m3) 162365.6
Commercial Golf Course Irrigation Sum of GWTakings(m3) 852.376

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 8769.9
Sum of SWGLTakings(m3) 20463.1

Commercial Sum of GWTakings(m3) 852.376
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 8769.9
Commercial Sum of SWGLTakings(m3) 20463.1
Water Supply Campgrounds Sum of GWTakings(m3) 812.2

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 812.2
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Aug Sum of GWTakings(m3) 114227.2816
Aug Sum of SWTakings(m3) 106683.4
Aug Sum of SWDiversions(m3) 49361.3
Aug Sum of SWGLTakings(m3) 182828.7
Sep Agricultural Nursery Sum of GWTakings(m3) 7992

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0
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BFC Sep Agricultural Other - Agricultural Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 39282
Sum of SWGLTakings(m3) 157128

Sod Farm Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 76410
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 7992
Agricultural Sum of SWTakings(m3) 76410
Agricultural Sum of SWDiversions(m3) 39282
Agricultural Sum of SWGLTakings(m3) 157128
Commercial Golf Course Irrigation Sum of GWTakings(m3) 824.88

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 8487
Sum of SWGLTakings(m3) 19803

Commercial Sum of GWTakings(m3) 824.88
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 8487
Commercial Sum of SWGLTakings(m3) 19803
Water Supply Campgrounds Sum of GWTakings(m3) 786

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 786
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Sep Sum of GWTakings(m3) 9602.88
Sep Sum of SWTakings(m3) 76410
Sep Sum of SWDiversions(m3) 47769
Sep Sum of SWGLTakings(m3) 176931
Oct Agricultural Nursery Sum of GWTakings(m3) 8258.4

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Agricultural Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 24878.6
Sum of SWGLTakings(m3) 99514.4

Sod Farm Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 38205
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 8258.4
Agricultural Sum of SWTakings(m3) 38205
Agricultural Sum of SWDiversions(m3) 24878.6
Agricultural Sum of SWGLTakings(m3) 99514.4
Commercial Golf Course Irrigation Sum of GWTakings(m3) 439.936

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 4526.4
Sum of SWGLTakings(m3) 10561.6

Commercial Sum of GWTakings(m3) 439.936
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 4526.4
Commercial Sum of SWGLTakings(m3) 10561.6
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BFC Oct Water Supply Campgrounds Sum of GWTakings(m3) 812.2
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 812.2
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Oct Sum of GWTakings(m3) 9510.536
Oct Sum of SWTakings(m3) 38205
Oct Sum of SWDiversions(m3) 29405
Oct Sum of SWGLTakings(m3) 110076
Nov Water Supply Campgrounds Sum of GWTakings(m3) 786

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 786
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Nov Sum of GWTakings(m3) 786
Nov Sum of SWTakings(m3) 0
Nov Sum of SWDiversions(m3) 0
Nov Sum of SWGLTakings(m3) 0
Dec Water Supply Campgrounds Sum of GWTakings(m3) 812.2

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 812.2
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Dec Sum of GWTakings(m3) 812.2
Dec Sum of SWTakings(m3) 0
Dec Sum of SWDiversions(m3) 0
Dec Sum of SWGLTakings(m3) 0

BFC Sum of GWTakings(m3) 261863.2352
BFC Sum of SWTakings(m3) 467640
BFC Sum of SWDiversions(m3) 253070.6
BFC Sum of SWGLTakings(m3) 939671.4
CWR Mar Agricultural Nursery Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 4740.3
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 0
Agricultural Sum of SWTakings(m3) 4740.3
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0

Mar Sum of GWTakings(m3) 0
Mar Sum of SWTakings(m3) 4740.3
Mar Sum of SWDiversions(m3) 0
Mar Sum of SWGLTakings(m3) 0
Apr Agricultural Nursery Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 6183
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0
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CWR Apr Agricultural Sum of GWTakings(m3) 0
Agricultural Sum of SWTakings(m3) 6183
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 3819.2

Sum of SWTakings(m3) 6720
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 3819.2
Commercial Sum of SWTakings(m3) 6720
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0

Apr Sum of GWTakings(m3) 3819.2
Apr Sum of SWTakings(m3) 12903
Apr Sum of SWDiversions(m3) 0
Apr Sum of SWGLTakings(m3) 0
May Agricultural Nursery Sum of GWTakings(m3) 39618

Sum of SWTakings(m3) 6389.1
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 39618
Agricultural Sum of SWTakings(m3) 6389.1
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 14799.4

Sum of SWTakings(m3) 74167.8
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 14799.4
Commercial Sum of SWTakings(m3) 74167.8
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Recreational Other - Recreational Sum of GWTakings(m3) 10126.8

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Recreational Sum of GWTakings(m3) 10126.8
Recreational Sum of SWTakings(m3) 0
Recreational Sum of SWDiversions(m3) 0
Recreational Sum of SWGLTakings(m3) 0

May Sum of GWTakings(m3) 64544.2
May Sum of SWTakings(m3) 80556.9
May Sum of SWDiversions(m3) 0
May Sum of SWGLTakings(m3) 0
Jun Agricultural Nursery Sum of GWTakings(m3) 38340

Sum of SWTakings(m3) 6183
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 38340
Agricultural Sum of SWTakings(m3) 6183
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 14322

Sum of SWTakings(m3) 128331
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0
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TABLE F.1
PTTW DEMAND
TIER 1 WATER BUDGET AND STRESS ASSESSMENT

CWR Jun Commercial Sum of GWTakings(m3) 14322
Commercial Sum of SWTakings(m3) 128331
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Recreational Other - Recreational Sum of GWTakings(m3) 10476

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Recreational Sum of GWTakings(m3) 10476
Recreational Sum of SWTakings(m3) 0
Recreational Sum of SWDiversions(m3) 0
Recreational Sum of SWGLTakings(m3) 0

Jun Sum of GWTakings(m3) 63138
Jun Sum of SWTakings(m3) 134514
Jun Sum of SWDiversions(m3) 0
Jun Sum of SWGLTakings(m3) 0
Jul Agricultural Nursery Sum of GWTakings(m3) 50582.7

Sum of SWTakings(m3) 15986.7
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Sod Farm Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 1375.2
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 50582.7
Agricultural Sum of SWTakings(m3) 17361.9
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 14799.4

Sum of SWTakings(m3) 132608.7
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 14799.4
Commercial Sum of SWTakings(m3) 132608.7
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Recreational Other - Recreational Sum of GWTakings(m3) 10825.2

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Recreational Sum of GWTakings(m3) 10825.2
Recreational Sum of SWTakings(m3) 0
Recreational Sum of SWDiversions(m3) 0
Recreational Sum of SWGLTakings(m3) 0

Jul Sum of GWTakings(m3) 76207.3
Jul Sum of SWTakings(m3) 149970.6
Jul Sum of SWDiversions(m3) 0
Jul Sum of SWGLTakings(m3) 0
Aug Agricultural Nursery Sum of GWTakings(m3) 50582.7

Sum of SWTakings(m3) 15986.7
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Sod Farm Sum of GWTakings(m3) 19121.4
Sum of SWTakings(m3) 10657.8
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0
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TABLE F.1
PTTW DEMAND
TIER 1 WATER BUDGET AND STRESS ASSESSMENT

CWR Aug Agricultural Sum of GWTakings(m3) 69704.1
Agricultural Sum of SWTakings(m3) 26644.5
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 14799.4

Sum of SWTakings(m3) 132608.7
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 14799.4
Commercial Sum of SWTakings(m3) 132608.7
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Recreational Other - Recreational Sum of GWTakings(m3) 10825.2

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Recreational Sum of GWTakings(m3) 10825.2
Recreational Sum of SWTakings(m3) 0
Recreational Sum of SWDiversions(m3) 0
Recreational Sum of SWGLTakings(m3) 0

Aug Sum of GWTakings(m3) 95328.7
Aug Sum of SWTakings(m3) 159253.2
Aug Sum of SWDiversions(m3) 0
Aug Sum of SWGLTakings(m3) 0
Sep Agricultural Nursery Sum of GWTakings(m3) 38340

Sum of SWTakings(m3) 6183
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 38340
Agricultural Sum of SWTakings(m3) 6183
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 14322

Sum of SWTakings(m3) 128331
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 14322
Commercial Sum of SWTakings(m3) 128331
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Recreational Other - Recreational Sum of GWTakings(m3) 10476

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Recreational Sum of GWTakings(m3) 10476
Recreational Sum of SWTakings(m3) 0
Recreational Sum of SWDiversions(m3) 0
Recreational Sum of SWGLTakings(m3) 0

Sep Sum of GWTakings(m3) 63138
Sep Sum of SWTakings(m3) 134514
Sep Sum of SWDiversions(m3) 0
Sep Sum of SWGLTakings(m3) 0
Oct Agricultural Nursery Sum of GWTakings(m3) 39618

Sum of SWTakings(m3) 6389.1
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0
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TABLE F.1
PTTW DEMAND
TIER 1 WATER BUDGET AND STRESS ASSESSMENT

CWR Oct Agricultural Sum of GWTakings(m3) 39618
Agricultural Sum of SWTakings(m3) 6389.1
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 14799.4

Sum of SWTakings(m3) 74167.8
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 14799.4
Commercial Sum of SWTakings(m3) 74167.8
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Recreational Other - Recreational Sum of GWTakings(m3) 10126.8

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Recreational Sum of GWTakings(m3) 10126.8
Recreational Sum of SWTakings(m3) 0
Recreational Sum of SWDiversions(m3) 0
Recreational Sum of SWGLTakings(m3) 0

Oct Sum of GWTakings(m3) 64544.2
Oct Sum of SWTakings(m3) 80556.9
Oct Sum of SWDiversions(m3) 0
Oct Sum of SWGLTakings(m3) 0
Nov Agricultural Nursery Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 6183
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 0
Agricultural Sum of SWTakings(m3) 6183
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 3819.2

Sum of SWTakings(m3) 6720
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 3819.2
Commercial Sum of SWTakings(m3) 6720
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0

Nov Sum of GWTakings(m3) 3819.2
Nov Sum of SWTakings(m3) 12903
Nov Sum of SWDiversions(m3) 0
Nov Sum of SWGLTakings(m3) 0
Dec Agricultural Nursery Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 618.3
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 0
Agricultural Sum of SWTakings(m3) 618.3
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0

Dec Sum of GWTakings(m3) 0
Dec Sum of SWTakings(m3) 618.3
Dec Sum of SWDiversions(m3) 0
Dec Sum of SWGLTakings(m3) 0
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TABLE F.1
PTTW DEMAND
TIER 1 WATER BUDGET AND STRESS ASSESSMENT

CWR Sum of GWTakings(m3) 434538.8
CWR Sum of SWTakings(m3) 770530.2
CWR Sum of SWDiversions(m3) 0
CWR Sum of SWGLTakings(m3) 0
FEC Jan Dewatering Other - Dewatering Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Pits and Quarries Sum of GWTakings(m3) 452.39712
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 452.39712
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
Remediation Groundwater Sum of GWTakings(m3) 11880

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 11880
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0

Jan Sum of GWTakings(m3) 12332.39712
Jan Sum of SWTakings(m3) 0
Jan Sum of SWDiversions(m3) 0
Jan Sum of SWGLTakings(m3) 0
Feb Dewatering Other - Dewatering Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Pits and Quarries Sum of GWTakings(m3) 558.450336
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 558.450336
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
Remediation Groundwater Sum of GWTakings(m3) 15120

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 15120
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0

Feb Sum of GWTakings(m3) 15678.45034
Feb Sum of SWTakings(m3) 0
Feb Sum of SWDiversions(m3) 0
Feb Sum of SWGLTakings(m3) 0
Mar Commercial Golf Course Irrigation Sum of GWTakings(m3) 7630.35

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0
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TABLE F.1
PTTW DEMAND
TIER 1 WATER BUDGET AND STRESS ASSESSMENT

FEC Mar Commercial Sum of GWTakings(m3) 7630.35
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Dewatering Other - Dewatering Sum of GWTakings(m3) 2455.92

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 2455.92
Sum of SWGLTakings(m3) 0

Pits and Quarries Sum of GWTakings(m3) 804.641856
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 3260.561856
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 2455.92
Dewatering Sum of SWGLTakings(m3) 0
Remediation Groundwater Sum of GWTakings(m3) 16740

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 16740
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0

Mar Sum of GWTakings(m3) 27630.91186
Mar Sum of SWTakings(m3) 0
Mar Sum of SWDiversions(m3) 2455.92
Mar Sum of SWGLTakings(m3) 0
Apr Commercial Golf Course Irrigation Sum of GWTakings(m3) 45782.1

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 45782.1
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Dewatering Other - Dewatering Sum of GWTakings(m3) 49118.4

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 49118.4
Sum of SWGLTakings(m3) 0

Pits and Quarries Sum of GWTakings(m3) 603.289824
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 49721.68982
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 49118.4
Dewatering Sum of SWGLTakings(m3) 0
Remediation Groundwater Sum of GWTakings(m3) 16200

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 16200
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0
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TABLE F.1
PTTW DEMAND
TIER 1 WATER BUDGET AND STRESS ASSESSMENT

FEC Apr Sum of GWTakings(m3) 111703.7898
Apr Sum of SWTakings(m3) 0
Apr Sum of SWDiversions(m3) 49118.4
Apr Sum of SWGLTakings(m3) 0
May Commercial Golf Course Irrigation Sum of GWTakings(m3) 96127.57

Sum of SWTakings(m3) 69244.7
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 96127.57
Commercial Sum of SWTakings(m3) 69244.7
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Dewatering Other - Dewatering Sum of GWTakings(m3) 52781.76

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 52781.76
Sum of SWGLTakings(m3) 0

Pits and Quarries Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 52781.76
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 52781.76
Dewatering Sum of SWGLTakings(m3) 0
Remediation Groundwater Sum of GWTakings(m3) 16740

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 16740
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0

May Sum of GWTakings(m3) 165649.33
May Sum of SWTakings(m3) 69244.7
May Sum of SWDiversions(m3) 52781.76
May Sum of SWGLTakings(m3) 0
Jun Commercial Golf Course Irrigation Sum of GWTakings(m3) 93914.1

Sum of SWTakings(m3) 67011
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 93914.1
Commercial Sum of SWTakings(m3) 67011
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Dewatering Other - Dewatering Sum of GWTakings(m3) 57801.6

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 57801.6
Sum of SWGLTakings(m3) 0

Pits and Quarries Sum of GWTakings(m3) 439.536576
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 58241.13658
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 57801.6
Dewatering Sum of SWGLTakings(m3) 0
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TABLE F.1
PTTW DEMAND
TIER 1 WATER BUDGET AND STRESS ASSESSMENT

FEC Jun Remediation Groundwater Sum of GWTakings(m3) 16200
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 16200
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0

Jun Sum of GWTakings(m3) 168355.2366
Jun Sum of SWTakings(m3) 67011
Jun Sum of SWDiversions(m3) 57801.6
Jun Sum of SWGLTakings(m3) 0
Jul Commercial Golf Course Irrigation Sum of GWTakings(m3) 97044.57

Sum of SWTakings(m3) 69244.7
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 97044.57
Commercial Sum of SWTakings(m3) 69244.7
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Dewatering Other - Dewatering Sum of GWTakings(m3) 59728.32

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 59728.32
Sum of SWGLTakings(m3) 0

Pits and Quarries Sum of GWTakings(m3) 278.458368
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 60006.77837
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 59728.32
Dewatering Sum of SWGLTakings(m3) 0
Remediation Groundwater Sum of GWTakings(m3) 16740

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 16740
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0

Jul Sum of GWTakings(m3) 173791.3484
Jul Sum of SWTakings(m3) 69244.7
Jul Sum of SWDiversions(m3) 59728.32
Jul Sum of SWGLTakings(m3) 0
Aug Commercial Golf Course Irrigation Sum of GWTakings(m3) 97044.57

Sum of SWTakings(m3) 69244.7
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 97044.57
Commercial Sum of SWTakings(m3) 69244.7
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Dewatering Other - Dewatering Sum of GWTakings(m3) 59728.32

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 59728.32
Sum of SWGLTakings(m3) 0
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TABLE F.1
PTTW DEMAND
TIER 1 WATER BUDGET AND STRESS ASSESSMENT

FEC Aug Dewatering Pits and Quarries Sum of GWTakings(m3) 225.83808
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 59954.15808
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 59728.32
Dewatering Sum of SWGLTakings(m3) 0
Remediation Groundwater Sum of GWTakings(m3) 16740

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 16740
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0

Aug Sum of GWTakings(m3) 173738.7281
Aug Sum of SWTakings(m3) 69244.7
Aug Sum of SWDiversions(m3) 59728.32
Aug Sum of SWGLTakings(m3) 0
Sep Commercial Golf Course Irrigation Sum of GWTakings(m3) 93914.1

Sum of SWTakings(m3) 67011
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 93914.1
Commercial Sum of SWTakings(m3) 67011
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Dewatering Other - Dewatering Sum of GWTakings(m3) 57801.6

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 57801.6
Sum of SWGLTakings(m3) 0

Pits and Quarries Sum of GWTakings(m3) 51.5592
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 57853.1592
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 57801.6
Dewatering Sum of SWGLTakings(m3) 0
Remediation Groundwater Sum of GWTakings(m3) 16200

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 16200
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0

Sep Sum of GWTakings(m3) 167967.2592
Sep Sum of SWTakings(m3) 67011
Sep Sum of SWDiversions(m3) 57801.6
Sep Sum of SWGLTakings(m3) 0
Oct Commercial Golf Course Irrigation Sum of GWTakings(m3) 96127.57

Sum of SWTakings(m3) 69244.7
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0
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TABLE F.1
PTTW DEMAND
TIER 1 WATER BUDGET AND STRESS ASSESSMENT

FEC Oct Commercial Sum of GWTakings(m3) 96127.57
Commercial Sum of SWTakings(m3) 69244.7
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Dewatering Other - Dewatering Sum of GWTakings(m3) 26131.14

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 26131.14
Sum of SWGLTakings(m3) 0

Pits and Quarries Sum of GWTakings(m3) 22.8312
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 26153.9712
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 26131.14
Dewatering Sum of SWGLTakings(m3) 0
Remediation Groundwater Sum of GWTakings(m3) 16740

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 16740
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0

Oct Sum of GWTakings(m3) 139021.5412
Oct Sum of SWTakings(m3) 69244.7
Oct Sum of SWDiversions(m3) 26131.14
Oct Sum of SWGLTakings(m3) 0
Nov Commercial Golf Course Irrigation Sum of GWTakings(m3) 22891.05

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 22891.05
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Dewatering Other - Dewatering Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Pits and Quarries Sum of GWTakings(m3) 172.5192
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 172.5192
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
Remediation Groundwater Sum of GWTakings(m3) 16200

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 16200
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0
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TABLE F.1
PTTW DEMAND
TIER 1 WATER BUDGET AND STRESS ASSESSMENT

FEC Nov Sum of GWTakings(m3) 39263.5692
Nov Sum of SWTakings(m3) 0
Nov Sum of SWDiversions(m3) 0
Nov Sum of SWGLTakings(m3) 0
Dec Dewatering Other - Dewatering Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Pits and Quarries Sum of GWTakings(m3) 489.5856
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 489.5856
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
Remediation Groundwater Sum of GWTakings(m3) 16740

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 16740
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0

Dec Sum of GWTakings(m3) 17229.5856
Dec Sum of SWTakings(m3) 0
Dec Sum of SWDiversions(m3) 0
Dec Sum of SWGLTakings(m3) 0

FEC Sum of GWTakings(m3) 1212362.147
FEC Sum of SWTakings(m3) 411000.8
FEC Sum of SWDiversions(m3) 365547.06
FEC Sum of SWGLTakings(m3) 0
FSEM Jan Agricultural Nursery Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 1940.4
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Agricultural Sum of GWTakings(m3) 1337.6
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 1337.6
Agricultural Sum of SWTakings(m3) 1940.4
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 2400.2

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 2400.2
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
Water Supply Other - Water Supply Sum of GWTakings(m3) 1623.47

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0
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PTTW DEMAND
TIER 1 WATER BUDGET AND STRESS ASSESSMENT

FSEM Jan Water Supply Sum of GWTakings(m3) 1623.47
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Jan Sum of GWTakings(m3) 5361.27
Jan Sum of SWTakings(m3) 1940.4
Jan Sum of SWDiversions(m3) 0
Jan Sum of SWGLTakings(m3) 0
Feb Agricultural Nursery Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 2469.6
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Agricultural Sum of GWTakings(m3) 1702.4
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 1702.4
Agricultural Sum of SWTakings(m3) 2469.6
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 3054.8

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 3054.8
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
Water Supply Other - Water Supply Sum of GWTakings(m3) 1466.36

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 1466.36
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Feb Sum of GWTakings(m3) 6223.56
Feb Sum of SWTakings(m3) 2469.6
Feb Sum of SWDiversions(m3) 0
Feb Sum of SWGLTakings(m3) 0
Mar Agricultural Nursery Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 2734.2
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Agricultural Sum of GWTakings(m3) 7877.6
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 7877.6
Agricultural Sum of SWTakings(m3) 2734.2
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 3382.1

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0
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TABLE F.1
PTTW DEMAND
TIER 1 WATER BUDGET AND STRESS ASSESSMENT

FSEM Mar Industrial Sum of GWTakings(m3) 3382.1
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
Water Supply Other - Water Supply Sum of GWTakings(m3) 1623.47

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 1623.47
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Mar Sum of GWTakings(m3) 12883.17
Mar Sum of SWTakings(m3) 2734.2
Mar Sum of SWDiversions(m3) 0
Mar Sum of SWGLTakings(m3) 0
Apr Agricultural Market Gardens / Flowers Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 943.2
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Nursery Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 2646
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Agricultural Sum of GWTakings(m3) 18168
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 18168
Agricultural Sum of SWTakings(m3) 3589.2
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 3273

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 3273
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
Water Supply Other - Water Supply Sum of GWTakings(m3) 1571.1

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 1571.1
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Apr Sum of GWTakings(m3) 23012.1
Apr Sum of SWTakings(m3) 3589.2
Apr Sum of SWDiversions(m3) 0
Apr Sum of SWGLTakings(m3) 0
May Agricultural Market Gardens / Flowers Sum of GWTakings(m3) 1170

Sum of SWTakings(m3) 6533.1
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0
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PTTW DEMAND
TIER 1 WATER BUDGET AND STRESS ASSESSMENT

FSEM May Agricultural Nursery Sum of GWTakings(m3) 9840.6
Sum of SWTakings(m3) 2734.2
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Agricultural Sum of GWTakings(m3) 18773.6
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 29784.2
Agricultural Sum of SWTakings(m3) 9267.3
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 45591.7

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 45591.7
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 3382.1

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 3382.1
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
Water Supply Other - Water Supply Sum of GWTakings(m3) 1623.47

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 1623.47
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

May Sum of GWTakings(m3) 80381.47
May Sum of SWTakings(m3) 9267.3
May Sum of SWDiversions(m3) 0
May Sum of SWGLTakings(m3) 0
Jun Agricultural Market Gardens / Flowers Sum of GWTakings(m3) 1350

Sum of SWTakings(m3) 6858
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Nursery Sum of GWTakings(m3) 26838
Sum of SWTakings(m3) 2646
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Agricultural Sum of GWTakings(m3) 18168
Sum of SWTakings(m3) 4192.8
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Tender Fruit Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 569.4
Sum of SWGLTakings(m3) 2277.6
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TABLE F.1
PTTW DEMAND
TIER 1 WATER BUDGET AND STRESS ASSESSMENT

FSEM Jun Agricultural Sum of GWTakings(m3) 46356
Agricultural Sum of SWTakings(m3) 13696.8
Agricultural Sum of SWDiversions(m3) 569.4
Agricultural Sum of SWGLTakings(m3) 2277.6
Commercial Golf Course Irrigation Sum of GWTakings(m3) 99109.416

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 99109.416
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 3273

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 3273
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
Water Supply Other - Water Supply Sum of GWTakings(m3) 1571.1

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 1571.1
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Jun Sum of GWTakings(m3) 150309.516
Jun Sum of SWTakings(m3) 13696.8
Jun Sum of SWDiversions(m3) 569.4
Jun Sum of SWGLTakings(m3) 2277.6
Jul Agricultural Market Gardens / Flowers Sum of GWTakings(m3) 1395

Sum of SWTakings(m3) 7086.6
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Nursery Sum of GWTakings(m3) 27732.6
Sum of SWTakings(m3) 2734.2
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Agricultural Sum of GWTakings(m3) 18773.6
Sum of SWTakings(m3) 5237.36
Sum of SWDiversions(m3) 16911.12
Sum of SWGLTakings(m3) 67644.48

Tender Fruit Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 1357.8
Sum of SWGLTakings(m3) 5431.2

Agricultural Sum of GWTakings(m3) 47901.2
Agricultural Sum of SWTakings(m3) 15058.16
Agricultural Sum of SWDiversions(m3) 18268.92
Agricultural Sum of SWGLTakings(m3) 73075.68
Commercial Golf Course Irrigation Sum of GWTakings(m3) 102413.0632

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0
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FSEM Jul Commercial Sum of GWTakings(m3) 102413.0632
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 3382.1

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Food Processing Sum of GWTakings(m3) 9702
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 13084.1
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
Water Supply Other - Water Supply Sum of GWTakings(m3) 1623.47

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 1623.47
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Jul Sum of GWTakings(m3) 165021.8332
Jul Sum of SWTakings(m3) 15058.16
Jul Sum of SWDiversions(m3) 18268.92
Jul Sum of SWGLTakings(m3) 73075.68
Aug Agricultural Field and Pasture Crops Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 31984
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Fruit Orchards Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 19056
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Market Gardens / Flowers Sum of GWTakings(m3) 1395
Sum of SWTakings(m3) 7086.6
Sum of SWDiversions(m3) 4417.5
Sum of SWGLTakings(m3) 39757.5

Nursery Sum of GWTakings(m3) 27732.6
Sum of SWTakings(m3) 19496.7
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Agricultural Sum of GWTakings(m3) 21413.6
Sum of SWTakings(m3) 19856.56
Sum of SWDiversions(m3) 16911.12
Sum of SWGLTakings(m3) 67644.48

Tender Fruit Sum of GWTakings(m3) 16492.8
Sum of SWTakings(m3) 5241.6
Sum of SWDiversions(m3) 1357.8
Sum of SWGLTakings(m3) 5431.2

Agricultural Sum of GWTakings(m3) 67034
Agricultural Sum of SWTakings(m3) 102721.46
Agricultural Sum of SWDiversions(m3) 22686.42
Agricultural Sum of SWGLTakings(m3) 112833.18
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TABLE F.1
PTTW DEMAND
TIER 1 WATER BUDGET AND STRESS ASSESSMENT

FSEM Aug Commercial Golf Course Irrigation Sum of GWTakings(m3) 102413.0632
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 102413.0632
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 3382.1

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Food Processing Sum of GWTakings(m3) 10025.4
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 13407.5
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
Water Supply Other - Water Supply Sum of GWTakings(m3) 1623.47

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 1623.47
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Aug Sum of GWTakings(m3) 184478.0332
Aug Sum of SWTakings(m3) 102721.46
Aug Sum of SWDiversions(m3) 22686.42
Aug Sum of SWGLTakings(m3) 112833.18
Sep Agricultural Market Gardens / Flowers Sum of GWTakings(m3) 1350

Sum of SWTakings(m3) 6858
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Nursery Sum of GWTakings(m3) 26838
Sum of SWTakings(m3) 2646
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Agricultural Sum of GWTakings(m3) 18168
Sum of SWTakings(m3) 1118.08
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 46356
Agricultural Sum of SWTakings(m3) 10622.08
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 99109.416

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 99109.416
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
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FSEM Sep Industrial Aggregate Washing Sum of GWTakings(m3) 3273
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 3273
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
Water Supply Other - Water Supply Sum of GWTakings(m3) 1571.1

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 1571.1
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Sep Sum of GWTakings(m3) 150309.516
Sep Sum of SWTakings(m3) 10622.08
Sep Sum of SWDiversions(m3) 0
Sep Sum of SWGLTakings(m3) 0
Oct Agricultural Market Gardens / Flowers Sum of GWTakings(m3) 1170

Sum of SWTakings(m3) 6533.1
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Nursery Sum of GWTakings(m3) 9840.6
Sum of SWTakings(m3) 2734.2
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Agricultural Sum of GWTakings(m3) 18773.6
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 29784.2
Agricultural Sum of SWTakings(m3) 9267.3
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 45591.7

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 45591.7
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 3382.1

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 3382.1
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
Water Supply Other - Water Supply Sum of GWTakings(m3) 1623.47

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0
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TABLE F.1
PTTW DEMAND
TIER 1 WATER BUDGET AND STRESS ASSESSMENT

FSEM Oct Water Supply Sum of GWTakings(m3) 1623.47
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Oct Sum of GWTakings(m3) 80381.47
Oct Sum of SWTakings(m3) 9267.3
Oct Sum of SWDiversions(m3) 0
Oct Sum of SWGLTakings(m3) 0
Nov Agricultural Market Gardens / Flowers Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 943.2
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Nursery Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 2646
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Agricultural Sum of GWTakings(m3) 13264.8
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 13264.8
Agricultural Sum of SWTakings(m3) 3589.2
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 3273

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 3273
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
Water Supply Other - Water Supply Sum of GWTakings(m3) 1571.1

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 1571.1
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Nov Sum of GWTakings(m3) 18108.9
Nov Sum of SWTakings(m3) 3589.2
Nov Sum of SWDiversions(m3) 0
Nov Sum of SWGLTakings(m3) 0
Dec Agricultural Nursery Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 2734.2
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Agricultural Sum of GWTakings(m3) 1884.8
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 1884.8
Agricultural Sum of SWTakings(m3) 2734.2
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
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PTTW DEMAND
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FSEM Dec Industrial Aggregate Washing Sum of GWTakings(m3) 3382.1
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 3382.1
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
Water Supply Other - Water Supply Sum of GWTakings(m3) 1623.47

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 1623.47
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Dec Sum of GWTakings(m3) 6890.37
Dec Sum of SWTakings(m3) 2734.2
Dec Sum of SWDiversions(m3) 0
Dec Sum of SWGLTakings(m3) 0

FSEM Sum of GWTakings(m3) 883361.2084
FSEM Sum of SWTakings(m3) 177689.9
FSEM Sum of SWDiversions(m3) 41524.74
FSEM Sum of SWGLTakings(m3) 188186.46
GR Jan Dewatering Pits and Quarries Sum of GWTakings(m3) 256.964

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 256.964
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0

Jan Sum of GWTakings(m3) 256.964
Jan Sum of SWTakings(m3) 0
Jan Sum of SWDiversions(m3) 0
Jan Sum of SWGLTakings(m3) 0
Feb Dewatering Pits and Quarries Sum of GWTakings(m3) 98.064

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 98.064
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0

Feb Sum of GWTakings(m3) 98.064
Feb Sum of SWTakings(m3) 0
Feb Sum of SWDiversions(m3) 0
Feb Sum of SWGLTakings(m3) 0
Mar Dewatering Pits and Quarries Sum of GWTakings(m3) 611.992

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 611.992
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
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PTTW DEMAND
TIER 1 WATER BUDGET AND STRESS ASSESSMENT

GR Mar Sum of GWTakings(m3) 611.992
Mar Sum of SWTakings(m3) 0
Mar Sum of SWDiversions(m3) 0
Mar Sum of SWGLTakings(m3) 0
Apr Dewatering Pits and Quarries Sum of GWTakings(m3) 348.672

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 348.672
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0

Apr Sum of GWTakings(m3) 348.672
Apr Sum of SWTakings(m3) 0
Apr Sum of SWDiversions(m3) 0
Apr Sum of SWGLTakings(m3) 0
May Dewatering Pits and Quarries Sum of GWTakings(m3) 243.344

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 243.344
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0

May Sum of GWTakings(m3) 243.344
May Sum of SWTakings(m3) 0
May Sum of SWDiversions(m3) 0
May Sum of SWGLTakings(m3) 0
Jun Dewatering Pits and Quarries Sum of GWTakings(m3) 161.624

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 161.624
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0

Jun Sum of GWTakings(m3) 161.624
Jun Sum of SWTakings(m3) 0
Jun Sum of SWDiversions(m3) 0
Jun Sum of SWGLTakings(m3) 0
Jul Dewatering Pits and Quarries Sum of GWTakings(m3) 222.46

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 222.46
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0

Jul Sum of GWTakings(m3) 222.46
Jul Sum of SWTakings(m3) 0
Jul Sum of SWDiversions(m3) 0
Jul Sum of SWGLTakings(m3) 0
Aug Dewatering Pits and Quarries Sum of GWTakings(m3) 303.272

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0
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PTTW DEMAND
TIER 1 WATER BUDGET AND STRESS ASSESSMENT

GR Aug Dewatering Sum of GWTakings(m3) 303.272
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0

Aug Sum of GWTakings(m3) 303.272
Aug Sum of SWTakings(m3) 0
Aug Sum of SWDiversions(m3) 0
Aug Sum of SWGLTakings(m3) 0
Sep Dewatering Pits and Quarries Sum of GWTakings(m3) 223.368

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 223.368
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0

Sep Sum of GWTakings(m3) 223.368
Sep Sum of SWTakings(m3) 0
Sep Sum of SWDiversions(m3) 0
Sep Sum of SWGLTakings(m3) 0
Oct Dewatering Pits and Quarries Sum of GWTakings(m3) 179.784

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 179.784
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0

Oct Sum of GWTakings(m3) 179.784
Oct Sum of SWTakings(m3) 0
Oct Sum of SWDiversions(m3) 0
Oct Sum of SWGLTakings(m3) 0
Nov Dewatering Pits and Quarries Sum of GWTakings(m3) 207.024

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 207.024
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0

Nov Sum of GWTakings(m3) 207.024
Nov Sum of SWTakings(m3) 0
Nov Sum of SWDiversions(m3) 0
Nov Sum of SWGLTakings(m3) 0
Dec Dewatering Pits and Quarries Sum of GWTakings(m3) 342.316

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 342.316
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0

Dec Sum of GWTakings(m3) 342.316
Dec Sum of SWTakings(m3) 0
Dec Sum of SWDiversions(m3) 0
Dec Sum of SWGLTakings(m3) 0
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GR Sum of GWTakings(m3) 3198.884
GR Sum of SWTakings(m3) 0
GR Sum of SWDiversions(m3) 0
GR Sum of SWGLTakings(m3) 0
LENS Jan Dewatering Other - Dewatering Sum of GWTakings(m3) 133711.8584

Sum of SWTakings(m3) 69354.45014
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 133711.8584
Dewatering Sum of SWTakings(m3) 69354.45014
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 391708.8

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 391708.8
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
Remediation Other - Remediation Sum of GWTakings(m3) 1900.8

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 1900.8
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0

Jan Sum of GWTakings(m3) 527321.4584
Jan Sum of SWTakings(m3) 69354.45014
Jan Sum of SWDiversions(m3) 0
Jan Sum of SWGLTakings(m3) 0
Feb Dewatering Other - Dewatering Sum of GWTakings(m3) 100908.653

Sum of SWTakings(m3) 59344.01859
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 100908.653
Dewatering Sum of SWTakings(m3) 59344.01859
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 405907.2

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 405907.2
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
Remediation Other - Remediation Sum of GWTakings(m3) 2419.2

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 2419.2
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0
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LENS Feb Sum of GWTakings(m3) 509235.053
Feb Sum of SWTakings(m3) 59344.01859
Feb Sum of SWDiversions(m3) 0
Feb Sum of SWGLTakings(m3) 0
Mar Commercial Golf Course Irrigation Sum of GWTakings(m3) 1260

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 1260
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Dewatering Other - Dewatering Sum of GWTakings(m3) 140289.194

Sum of SWTakings(m3) 65859.53917
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Pits and Quarries Sum of GWTakings(m3) 735.392
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 141024.586
Dewatering Sum of SWTakings(m3) 65859.53917
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 320925.6

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Industrial Sum of GWTakings(m3) 2685.25
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 323610.85
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
Remediation Other - Remediation Sum of GWTakings(m3) 2678.4

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 2678.4
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0

Mar Sum of GWTakings(m3) 468573.836
Mar Sum of SWTakings(m3) 65859.53917
Mar Sum of SWDiversions(m3) 0
Mar Sum of SWGLTakings(m3) 0
Apr Commercial Golf Course Irrigation Sum of GWTakings(m3) 1890

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 1890
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
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LENS Apr Dewatering Other - Dewatering Sum of GWTakings(m3) 133959.8006
Sum of SWTakings(m3) 77101.71429
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Pits and Quarries Sum of GWTakings(m3) 787.92
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 134747.7206
Dewatering Sum of SWTakings(m3) 77101.71429
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 445370.4

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Industrial Sum of GWTakings(m3) 3502.5
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 448872.9
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
Remediation Other - Remediation Sum of GWTakings(m3) 2592

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 2592
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0

Apr Sum of GWTakings(m3) 588102.6206
Apr Sum of SWTakings(m3) 77101.71429
Apr Sum of SWDiversions(m3) 0
Apr Sum of SWGLTakings(m3) 0
May Commercial Golf Course Irrigation Sum of GWTakings(m3) 1953

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 1953
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Dewatering Other - Dewatering Sum of GWTakings(m3) 86973.34365

Sum of SWTakings(m3) 47426.58151
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Pits and Quarries Sum of GWTakings(m3) 814.184
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 87787.52765
Dewatering Sum of SWTakings(m3) 47426.58151
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
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LENS May Industrial Aggregate Washing Sum of GWTakings(m3) 445996.8
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Industrial Sum of GWTakings(m3) 3619.25
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 449616.05
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
Remediation Other - Remediation Sum of GWTakings(m3) 2678.4

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 2678.4
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0
Water Supply Communal Sum of GWTakings(m3) 27658.2

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 27658.2
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

May Sum of GWTakings(m3) 569693.1777
May Sum of SWTakings(m3) 47426.58151
May Sum of SWDiversions(m3) 0
May Sum of SWGLTakings(m3) 0
Jun Commercial Golf Course Irrigation Sum of GWTakings(m3) 1890

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 1890
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Dewatering Other - Dewatering Sum of GWTakings(m3) 59538.8711

Sum of SWTakings(m3) 20508.5042
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Pits and Quarries Sum of GWTakings(m3) 787.92
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 60326.7911
Dewatering Sum of SWTakings(m3) 20508.5042
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 241581.6

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0
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LENS Jun Industrial Other - Industrial Sum of GWTakings(m3) 3502.5
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 245084.1
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
Remediation Other - Remediation Sum of GWTakings(m3) 2592

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 2592
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0
Water Supply Communal Sum of GWTakings(m3) 26766

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 26766
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Jun Sum of GWTakings(m3) 336658.8911
Jun Sum of SWTakings(m3) 20508.5042
Jun Sum of SWDiversions(m3) 0
Jun Sum of SWGLTakings(m3) 0
Jul Commercial Golf Course Irrigation Sum of GWTakings(m3) 1953

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 1953
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Dewatering Other - Dewatering Sum of GWTakings(m3) 53262.66345

Sum of SWTakings(m3) 2435.657143
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Pits and Quarries Sum of GWTakings(m3) 814.184
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 54076.84745
Dewatering Sum of SWTakings(m3) 2435.657143
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 208591.2

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Industrial Sum of GWTakings(m3) 3619.25
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0
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LENS Jul Industrial Sum of GWTakings(m3) 212210.45
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
Remediation Other - Remediation Sum of GWTakings(m3) 2678.4

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 2678.4
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0
Water Supply Communal Sum of GWTakings(m3) 27658.2

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 27658.2
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Jul Sum of GWTakings(m3) 298576.8975
Jul Sum of SWTakings(m3) 2435.657143
Jul Sum of SWDiversions(m3) 0
Jul Sum of SWGLTakings(m3) 0
Aug Commercial Golf Course Irrigation Sum of GWTakings(m3) 1953

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 1953
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Dewatering Other - Dewatering Sum of GWTakings(m3) 42742.03755

Sum of SWTakings(m3) 5044.251429
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Pits and Quarries Sum of GWTakings(m3) 814.184
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 43556.22155
Dewatering Sum of SWTakings(m3) 5044.251429
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 252230.4

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Industrial Sum of GWTakings(m3) 3619.25
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 255849.65
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
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LENS Aug Remediation Other - Remediation Sum of GWTakings(m3) 2678.4
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 2678.4
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0
Water Supply Communal Sum of GWTakings(m3) 27658.2

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 27658.2
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Aug Sum of GWTakings(m3) 331695.4716
Aug Sum of SWTakings(m3) 5044.251429
Aug Sum of SWDiversions(m3) 0
Aug Sum of SWGLTakings(m3) 0
Sep Commercial Golf Course Irrigation Sum of GWTakings(m3) 1890

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 1890
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Dewatering Other - Dewatering Sum of GWTakings(m3) 38338.0546

Sum of SWTakings(m3) 14062.49143
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Pits and Quarries Sum of GWTakings(m3) 787.92
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 39125.9746
Dewatering Sum of SWTakings(m3) 14062.49143
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 289188

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Industrial Sum of GWTakings(m3) 3502.5
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 292690.5
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
Remediation Other - Remediation Sum of GWTakings(m3) 2592

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0
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LENS Sep Remediation Sum of GWTakings(m3) 2592
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0
Water Supply Communal Sum of GWTakings(m3) 26766

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 26766
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Sep Sum of GWTakings(m3) 363064.4746
Sep Sum of SWTakings(m3) 14062.49143
Sep Sum of SWDiversions(m3) 0
Sep Sum of SWGLTakings(m3) 0
Oct Commercial Golf Course Irrigation Sum of GWTakings(m3) 1953

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 1953
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Dewatering Other - Dewatering Sum of GWTakings(m3) 39683.3102

Sum of SWTakings(m3) 21641.69143
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Pits and Quarries Sum of GWTakings(m3) 814.184
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 40497.4942
Dewatering Sum of SWTakings(m3) 21641.69143
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 228844.8

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Industrial Sum of GWTakings(m3) 3619.25
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 232464.05
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
Remediation Other - Remediation Sum of GWTakings(m3) 2678.4

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 2678.4
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0
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LENS Oct Water Supply Communal Sum of GWTakings(m3) 27658.2
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 27658.2
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Oct Sum of GWTakings(m3) 305251.1442
Oct Sum of SWTakings(m3) 21641.69143
Oct Sum of SWDiversions(m3) 0
Oct Sum of SWGLTakings(m3) 0
Nov Commercial Golf Course Irrigation Sum of GWTakings(m3) 1890

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 1890
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Dewatering Other - Dewatering Sum of GWTakings(m3) 41359.17145

Sum of SWTakings(m3) 43466.05714
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Pits and Quarries Sum of GWTakings(m3) 787.92
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 42147.09145
Dewatering Sum of SWTakings(m3) 43466.05714
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 248680.8

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Industrial Sum of GWTakings(m3) 3502.5
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 252183.3
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
Remediation Other - Remediation Sum of GWTakings(m3) 2592

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 2592
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0

Nov Sum of GWTakings(m3) 298812.3915
Nov Sum of SWTakings(m3) 43466.05714
Nov Sum of SWDiversions(m3) 0
Nov Sum of SWGLTakings(m3) 0
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LENS Dec Dewatering Other - Dewatering Sum of GWTakings(m3) 109588.9672
Sum of SWTakings(m3) 58784.91429
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Pits and Quarries Sum of GWTakings(m3) 210.112
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 109799.0792
Dewatering Sum of SWTakings(m3) 58784.91429
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 177271.2

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Industrial Sum of GWTakings(m3) 350.25
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 177621.45
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
Remediation Other - Remediation Sum of GWTakings(m3) 2678.4

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 2678.4
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0

Dec Sum of GWTakings(m3) 290098.9292
Dec Sum of SWTakings(m3) 58784.91429
Dec Sum of SWDiversions(m3) 0
Dec Sum of SWGLTakings(m3) 0

LENS Sum of GWTakings(m3) 4887084.345
LENS Sum of SWTakings(m3) 485029.8708
LENS Sum of SWDiversions(m3) 0
LENS Sum of SWGLTakings(m3) 0
LIN Jan Agricultural Field and Pasture Crops Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 1080.2
Sum of SWGLTakings(m3) 4320.8

Agricultural Sum of GWTakings(m3) 0
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 1080.2
Agricultural Sum of SWGLTakings(m3) 4320.8

Jan Sum of GWTakings(m3) 0
Jan Sum of SWTakings(m3) 0
Jan Sum of SWDiversions(m3) 1080.2
Jan Sum of SWGLTakings(m3) 4320.8
Feb Agricultural Field and Pasture Crops Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 1374.8
Sum of SWGLTakings(m3) 5499.2
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LIN Feb Agricultural Sum of GWTakings(m3) 0
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 1374.8
Agricultural Sum of SWGLTakings(m3) 5499.2

Feb Sum of GWTakings(m3) 0
Feb Sum of SWTakings(m3) 0
Feb Sum of SWDiversions(m3) 1374.8
Feb Sum of SWGLTakings(m3) 5499.2
Mar Agricultural Field and Pasture Crops Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 1522.1
Sum of SWGLTakings(m3) 6088.4

Tender Fruit Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 632
Sum of SWGLTakings(m3) 2528

Agricultural Sum of GWTakings(m3) 0
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 2154.1
Agricultural Sum of SWGLTakings(m3) 8616.4

Mar Sum of GWTakings(m3) 0
Mar Sum of SWTakings(m3) 0
Mar Sum of SWDiversions(m3) 2154.1
Mar Sum of SWGLTakings(m3) 8616.4
Apr Agricultural Field and Pasture Crops Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 1473
Sum of SWGLTakings(m3) 5892

Tender Fruit Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 3792
Sum of SWGLTakings(m3) 15168

Agricultural Sum of GWTakings(m3) 0
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 5265
Agricultural Sum of SWGLTakings(m3) 21060

Apr Sum of GWTakings(m3) 0
Apr Sum of SWTakings(m3) 0
Apr Sum of SWDiversions(m3) 5265
Apr Sum of SWGLTakings(m3) 21060
May Agricultural Field and Pasture Crops Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 1522.1
Sum of SWGLTakings(m3) 6088.4

Nursery Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 305.2
Sum of SWGLTakings(m3) 2746.8

Tender Fruit Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 8930.6
Sum of SWGLTakings(m3) 35722.4

Agricultural Sum of GWTakings(m3) 0
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 10757.9
Agricultural Sum of SWGLTakings(m3) 44557.6
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LIN May Sum of GWTakings(m3) 0
May Sum of SWTakings(m3) 0
May Sum of SWDiversions(m3) 10757.9
May Sum of SWGLTakings(m3) 44557.6
Jun Agricultural Field and Pasture Crops Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 1473
Sum of SWGLTakings(m3) 5892

Nursery Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 1089.6
Sum of SWGLTakings(m3) 9806.4

Tender Fruit Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 13620
Sum of SWGLTakings(m3) 54480

Agricultural Sum of GWTakings(m3) 0
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 16182.6
Agricultural Sum of SWGLTakings(m3) 70178.4

Jun Sum of GWTakings(m3) 0
Jun Sum of SWTakings(m3) 0
Jun Sum of SWDiversions(m3) 16182.6
Jun Sum of SWGLTakings(m3) 70178.4
Jul Agricultural Field and Pasture Crops Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 1522.1
Sum of SWGLTakings(m3) 6088.4

Fruit Orchards Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 6745.6
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Nursery Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 1289.6
Sum of SWGLTakings(m3) 11606.4

Other - Agricultural Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 1520.64
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Tender Fruit Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 22530.8
Sum of SWGLTakings(m3) 90123.2

Agricultural Sum of GWTakings(m3) 0
Agricultural Sum of SWTakings(m3) 8266.24
Agricultural Sum of SWDiversions(m3) 25342.5
Agricultural Sum of SWGLTakings(m3) 107818

Jul Sum of GWTakings(m3) 0
Jul Sum of SWTakings(m3) 8266.24
Jul Sum of SWDiversions(m3) 25342.5
Jul Sum of SWGLTakings(m3) 107818
Aug Agricultural Field and Pasture Crops Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 10418.1
Sum of SWGLTakings(m3) 41672.4
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LIN Aug Agricultural Fruit Orchards Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 52278.4
Sum of SWDiversions(m3) 2604
Sum of SWGLTakings(m3) 10416

Market Gardens / Flowers Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 1300
Sum of SWGLTakings(m3) 11700

Nursery Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 1289.6
Sum of SWGLTakings(m3) 11606.4

Other - Agricultural Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 5237.76
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Tender Fruit Sum of GWTakings(m3) 1960
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 23268.8
Sum of SWGLTakings(m3) 93075.2

Agricultural Sum of GWTakings(m3) 1960
Agricultural Sum of SWTakings(m3) 57516.16
Agricultural Sum of SWDiversions(m3) 38880.5
Agricultural Sum of SWGLTakings(m3) 168470

Aug Sum of GWTakings(m3) 1960
Aug Sum of SWTakings(m3) 57516.16
Aug Sum of SWDiversions(m3) 38880.5
Aug Sum of SWGLTakings(m3) 168470
Sep Agricultural Field and Pasture Crops Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 1473
Sum of SWGLTakings(m3) 5892

Nursery Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 654
Sum of SWGLTakings(m3) 5886

Tender Fruit Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 13456.2
Sum of SWGLTakings(m3) 53824.8

Agricultural Sum of GWTakings(m3) 0
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 15583.2
Agricultural Sum of SWGLTakings(m3) 65602.8

Sep Sum of GWTakings(m3) 0
Sep Sum of SWTakings(m3) 0
Sep Sum of SWDiversions(m3) 15583.2
Sep Sum of SWGLTakings(m3) 65602.8
Oct Agricultural Field and Pasture Crops Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 1522.1
Sum of SWGLTakings(m3) 6088.4

Nursery Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 305.2
Sum of SWGLTakings(m3) 2746.8
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LIN Oct Agricultural Tender Fruit Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 8930.6
Sum of SWGLTakings(m3) 35722.4

Agricultural Sum of GWTakings(m3) 0
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 10757.9
Agricultural Sum of SWGLTakings(m3) 44557.6

Oct Sum of GWTakings(m3) 0
Oct Sum of SWTakings(m3) 0
Oct Sum of SWDiversions(m3) 10757.9
Oct Sum of SWGLTakings(m3) 44557.6
Nov Agricultural Field and Pasture Crops Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 1473
Sum of SWGLTakings(m3) 5892

Tender Fruit Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 1896
Sum of SWGLTakings(m3) 7584

Agricultural Sum of GWTakings(m3) 0
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 3369
Agricultural Sum of SWGLTakings(m3) 13476

Nov Sum of GWTakings(m3) 0
Nov Sum of SWTakings(m3) 0
Nov Sum of SWDiversions(m3) 3369
Nov Sum of SWGLTakings(m3) 13476
Dec Agricultural Field and Pasture Crops Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 1522.1
Sum of SWGLTakings(m3) 6088.4

Agricultural Sum of GWTakings(m3) 0
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 1522.1
Agricultural Sum of SWGLTakings(m3) 6088.4

Dec Sum of GWTakings(m3) 0
Dec Sum of SWTakings(m3) 0
Dec Sum of SWDiversions(m3) 1522.1
Dec Sum of SWGLTakings(m3) 6088.4

LIN Sum of GWTakings(m3) 1960
LIN Sum of SWTakings(m3) 65782.4
LIN Sum of SWDiversions(m3) 132269.8
LIN Sum of SWGLTakings(m3) 560245.2
LTWEL Mar Commercial Golf Course Irrigation Sum of GWTakings(m3) 1526.266

Sum of SWTakings(m3) 11673.2
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 1526.266
Commercial Sum of SWTakings(m3) 11673.2
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0

Mar Sum of GWTakings(m3) 1526.266
Mar Sum of SWTakings(m3) 11673.2
Mar Sum of SWDiversions(m3) 0
Mar Sum of SWGLTakings(m3) 0
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LTWEL Apr Commercial Golf Course Irrigation Sum of GWTakings(m3) 2289.399
Sum of SWTakings(m3) 54616.8
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 2289.399
Commercial Sum of SWTakings(m3) 54616.8
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0

Apr Sum of GWTakings(m3) 2289.399
Apr Sum of SWTakings(m3) 54616.8
Apr Sum of SWDiversions(m3) 0
Apr Sum of SWGLTakings(m3) 0
May Commercial Golf Course Irrigation Sum of GWTakings(m3) 9064.7123

Sum of SWTakings(m3) 56437.36
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 9064.7123
Commercial Sum of SWTakings(m3) 56437.36
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Industrial Other - Industrial Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 1301.5
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 0
Industrial Sum of SWTakings(m3) 1301.5
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0

May Sum of GWTakings(m3) 9064.7123
May Sum of SWTakings(m3) 57738.86
May Sum of SWDiversions(m3) 0
May Sum of SWGLTakings(m3) 0
Jun Commercial Golf Course Irrigation Sum of GWTakings(m3) 15687.399

Sum of SWTakings(m3) 54616.8
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 15687.399
Commercial Sum of SWTakings(m3) 54616.8
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Industrial Other - Industrial Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 2055
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 0
Industrial Sum of SWTakings(m3) 2055
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0

Jun Sum of GWTakings(m3) 15687.399
Jun Sum of SWTakings(m3) 56671.8
Jun Sum of SWDiversions(m3) 0
Jun Sum of SWGLTakings(m3) 0
Jul Agricultural Nursery Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 51336
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0
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LTWEL Jul Agricultural Sum of GWTakings(m3) 0
Agricultural Sum of SWTakings(m3) 51336
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 16210.3123

Sum of SWTakings(m3) 56437.36
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 16210.3123
Commercial Sum of SWTakings(m3) 56437.36
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Industrial Other - Industrial Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 2123.5
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 0
Industrial Sum of SWTakings(m3) 2123.5
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0

Jul Sum of GWTakings(m3) 16210.3123
Jul Sum of SWTakings(m3) 109896.86
Jul Sum of SWDiversions(m3) 0
Jul Sum of SWGLTakings(m3) 0
Aug Agricultural Market Gardens / Flowers Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 5220
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Nursery Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 51336
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 0
Agricultural Sum of SWTakings(m3) 56556
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 16210.3123

Sum of SWTakings(m3) 56437.36
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 16210.3123
Commercial Sum of SWTakings(m3) 56437.36
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Industrial Other - Industrial Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 2123.5
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 0
Industrial Sum of SWTakings(m3) 2123.5
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0

Aug Sum of GWTakings(m3) 16210.3123
Aug Sum of SWTakings(m3) 115116.86
Aug Sum of SWDiversions(m3) 0
Aug Sum of SWGLTakings(m3) 0
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PTTW DEMAND
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LTWEL Sep Commercial Golf Course Irrigation Sum of GWTakings(m3) 15687.399
Sum of SWTakings(m3) 54616.8
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 15687.399
Commercial Sum of SWTakings(m3) 54616.8
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Industrial Other - Industrial Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 2055
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 0
Industrial Sum of SWTakings(m3) 2055
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0

Sep Sum of GWTakings(m3) 15687.399
Sep Sum of SWTakings(m3) 56671.8
Sep Sum of SWDiversions(m3) 0
Sep Sum of SWGLTakings(m3) 0
Oct Commercial Golf Course Irrigation Sum of GWTakings(m3) 9064.7123

Sum of SWTakings(m3) 56437.36
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 9064.7123
Commercial Sum of SWTakings(m3) 56437.36
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Industrial Other - Industrial Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 1301.5
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 0
Industrial Sum of SWTakings(m3) 1301.5
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0

Oct Sum of GWTakings(m3) 9064.7123
Oct Sum of SWTakings(m3) 57738.86
Oct Sum of SWDiversions(m3) 0
Oct Sum of SWGLTakings(m3) 0
Nov Commercial Golf Course Irrigation Sum of GWTakings(m3) 2289.399

Sum of SWTakings(m3) 29878.8
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 2289.399
Commercial Sum of SWTakings(m3) 29878.8
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0

Nov Sum of GWTakings(m3) 2289.399
Nov Sum of SWTakings(m3) 29878.8
Nov Sum of SWDiversions(m3) 0
Nov Sum of SWGLTakings(m3) 0

LTWEL Sum of GWTakings(m3) 88029.9112
LTWEL Sum of SWTakings(m3) 550003.84
LTWEL Sum of SWDiversions(m3) 0
LTWEL Sum of SWGLTakings(m3) 0
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LWR Jan Industrial Cooling Water Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 26973.32
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Manufacturing Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 31350
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 0
Industrial Sum of SWTakings(m3) 58323.32
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0

Jan Sum of GWTakings(m3) 0
Jan Sum of SWTakings(m3) 58323.32
Jan Sum of SWDiversions(m3) 0
Jan Sum of SWGLTakings(m3) 0
Feb Industrial Cooling Water Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 39562.48
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Manufacturing Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 39900
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 0
Industrial Sum of SWTakings(m3) 79462.48
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0

Feb Sum of GWTakings(m3) 0
Feb Sum of SWTakings(m3) 79462.48
Feb Sum of SWDiversions(m3) 0
Feb Sum of SWGLTakings(m3) 0
Mar Commercial Golf Course Irrigation Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 4603.2
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 0
Commercial Sum of SWTakings(m3) 4603.2
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Industrial Cooling Water Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 46118.7
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Manufacturing Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 44175
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 0
Industrial Sum of SWTakings(m3) 90293.7
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0

Mar Sum of GWTakings(m3) 0
Mar Sum of SWTakings(m3) 94896.9
Mar Sum of SWDiversions(m3) 0
Mar Sum of SWGLTakings(m3) 0
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LWR Apr Commercial Golf Course Irrigation Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 46032
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 0
Commercial Sum of SWTakings(m3) 46032
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Industrial Cooling Water Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 44631
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Manufacturing Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 42750
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 0
Industrial Sum of SWTakings(m3) 87381
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0

Apr Sum of GWTakings(m3) 0
Apr Sum of SWTakings(m3) 133413
Apr Sum of SWDiversions(m3) 0
Apr Sum of SWGLTakings(m3) 0
May Commercial Golf Course Irrigation Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 47566.4
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 0
Commercial Sum of SWTakings(m3) 47566.4
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Industrial Cooling Water Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 46118.7
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Manufacturing Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 44175
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 0
Industrial Sum of SWTakings(m3) 90293.7
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0

May Sum of GWTakings(m3) 0
May Sum of SWTakings(m3) 137860.1
May Sum of SWDiversions(m3) 0
May Sum of SWGLTakings(m3) 0
Jun Commercial Golf Course Irrigation Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 46032
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 0
Commercial Sum of SWTakings(m3) 46032
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
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LWR Jun Industrial Cooling Water Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 44631
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Manufacturing Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 42750
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 0
Industrial Sum of SWTakings(m3) 87381
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0

Jun Sum of GWTakings(m3) 0
Jun Sum of SWTakings(m3) 133413
Jun Sum of SWDiversions(m3) 0
Jun Sum of SWGLTakings(m3) 0
Jul Commercial Golf Course Irrigation Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 62527.5
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 0
Commercial Sum of SWTakings(m3) 62527.5
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Industrial Cooling Water Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 46118.7
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Manufacturing Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 44175
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 0
Industrial Sum of SWTakings(m3) 90293.7
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0

Jul Sum of GWTakings(m3) 0
Jul Sum of SWTakings(m3) 152821.2
Jul Sum of SWDiversions(m3) 0
Jul Sum of SWGLTakings(m3) 0
Aug Commercial Golf Course Irrigation Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 63559.3
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 0
Commercial Sum of SWTakings(m3) 63559.3
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Industrial Cooling Water Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 46118.7
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Manufacturing Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 44175
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0
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LWR Aug Industrial Sum of GWTakings(m3) 0
Industrial Sum of SWTakings(m3) 90293.7
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0

Aug Sum of GWTakings(m3) 0
Aug Sum of SWTakings(m3) 153853
Aug Sum of SWDiversions(m3) 0
Aug Sum of SWGLTakings(m3) 0
Sep Commercial Golf Course Irrigation Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 46032
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 0
Commercial Sum of SWTakings(m3) 46032
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Industrial Cooling Water Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 44631
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Manufacturing Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 42750
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 0
Industrial Sum of SWTakings(m3) 87381
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0

Sep Sum of GWTakings(m3) 0
Sep Sum of SWTakings(m3) 133413
Sep Sum of SWDiversions(m3) 0
Sep Sum of SWGLTakings(m3) 0
Oct Commercial Golf Course Irrigation Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 47566.4
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 0
Commercial Sum of SWTakings(m3) 47566.4
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Industrial Cooling Water Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 46118.7
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Manufacturing Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 44175
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 0
Industrial Sum of SWTakings(m3) 90293.7
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0

Oct Sum of GWTakings(m3) 0
Oct Sum of SWTakings(m3) 137860.1
Oct Sum of SWDiversions(m3) 0
Oct Sum of SWGLTakings(m3) 0
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LWR Nov Commercial Golf Course Irrigation Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 19947.2
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 0
Commercial Sum of SWTakings(m3) 19947.2
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Industrial Cooling Water Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 44631
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Manufacturing Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 42750
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 0
Industrial Sum of SWTakings(m3) 87381
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0

Nov Sum of GWTakings(m3) 0
Nov Sum of SWTakings(m3) 107328.2
Nov Sum of SWDiversions(m3) 0
Nov Sum of SWGLTakings(m3) 0
Dec Industrial Cooling Water Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 46118.7
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Manufacturing Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 44175
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 0
Industrial Sum of SWTakings(m3) 90293.7
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0

Dec Sum of GWTakings(m3) 0
Dec Sum of SWTakings(m3) 90293.7
Dec Sum of SWDiversions(m3) 0
Dec Sum of SWGLTakings(m3) 0

LWR Sum of GWTakings(m3) 0
LWR Sum of SWTakings(m3) 1412938
LWR Sum of SWDiversions(m3) 0
LWR Sum of SWGLTakings(m3) 0
NFU Apr Recreational Other - Recreational Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 35323.2
Sum of SWGLTakings(m3) 3924.8

Recreational Sum of GWTakings(m3) 0
Recreational Sum of SWTakings(m3) 0
Recreational Sum of SWDiversions(m3) 35323.2
Recreational Sum of SWGLTakings(m3) 3924.8

Apr Sum of GWTakings(m3) 0
Apr Sum of SWTakings(m3) 0
Apr Sum of SWDiversions(m3) 35323.2
Apr Sum of SWGLTakings(m3) 3924.8
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PTTW DEMAND
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NFU May Recreational Other - Recreational Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 136877.4
Sum of SWGLTakings(m3) 15208.6

Recreational Sum of GWTakings(m3) 0
Recreational Sum of SWTakings(m3) 0
Recreational Sum of SWDiversions(m3) 136877.4
Recreational Sum of SWGLTakings(m3) 15208.6

May Sum of GWTakings(m3) 0
May Sum of SWTakings(m3) 0
May Sum of SWDiversions(m3) 136877.4
May Sum of SWGLTakings(m3) 15208.6
Jun Commercial Golf Course Irrigation Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 11043
Sum of SWGLTakings(m3) 25767

Commercial Sum of GWTakings(m3) 0
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 11043
Commercial Sum of SWGLTakings(m3) 25767
Recreational Other - Recreational Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 132462
Sum of SWGLTakings(m3) 14718

Recreational Sum of GWTakings(m3) 0
Recreational Sum of SWTakings(m3) 0
Recreational Sum of SWDiversions(m3) 132462
Recreational Sum of SWGLTakings(m3) 14718

Jun Sum of GWTakings(m3) 0
Jun Sum of SWTakings(m3) 0
Jun Sum of SWDiversions(m3) 143505
Jun Sum of SWGLTakings(m3) 40485
Jul Commercial Golf Course Irrigation Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 11411.1
Sum of SWGLTakings(m3) 26625.9

Commercial Sum of GWTakings(m3) 0
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 11411.1
Commercial Sum of SWGLTakings(m3) 26625.9
Recreational Other - Recreational Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 136877.4
Sum of SWGLTakings(m3) 15208.6

Recreational Sum of GWTakings(m3) 0
Recreational Sum of SWTakings(m3) 0
Recreational Sum of SWDiversions(m3) 136877.4
Recreational Sum of SWGLTakings(m3) 15208.6

Jul Sum of GWTakings(m3) 0
Jul Sum of SWTakings(m3) 0
Jul Sum of SWDiversions(m3) 148288.5
Jul Sum of SWGLTakings(m3) 41834.5
Aug Commercial Golf Course Irrigation Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 11411.1
Sum of SWGLTakings(m3) 26625.9
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NFU Aug Commercial Sum of GWTakings(m3) 0
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 11411.1
Commercial Sum of SWGLTakings(m3) 26625.9
Recreational Other - Recreational Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 136877.4
Sum of SWGLTakings(m3) 15208.6

Recreational Sum of GWTakings(m3) 0
Recreational Sum of SWTakings(m3) 0
Recreational Sum of SWDiversions(m3) 136877.4
Recreational Sum of SWGLTakings(m3) 15208.6

Aug Sum of GWTakings(m3) 0
Aug Sum of SWTakings(m3) 0
Aug Sum of SWDiversions(m3) 148288.5
Aug Sum of SWGLTakings(m3) 41834.5
Sep Commercial Golf Course Irrigation Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 8466.3
Sum of SWGLTakings(m3) 19754.7

Commercial Sum of GWTakings(m3) 0
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 8466.3
Commercial Sum of SWGLTakings(m3) 19754.7
Recreational Other - Recreational Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 132462
Sum of SWGLTakings(m3) 14718

Recreational Sum of GWTakings(m3) 0
Recreational Sum of SWTakings(m3) 0
Recreational Sum of SWDiversions(m3) 132462
Recreational Sum of SWGLTakings(m3) 14718

Sep Sum of GWTakings(m3) 0
Sep Sum of SWTakings(m3) 0
Sep Sum of SWDiversions(m3) 140928.3
Sep Sum of SWGLTakings(m3) 34472.7
Oct Recreational Other - Recreational Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 136877.4
Sum of SWGLTakings(m3) 15208.6

Recreational Sum of GWTakings(m3) 0
Recreational Sum of SWTakings(m3) 0
Recreational Sum of SWDiversions(m3) 136877.4
Recreational Sum of SWGLTakings(m3) 15208.6

Oct Sum of GWTakings(m3) 0
Oct Sum of SWTakings(m3) 0
Oct Sum of SWDiversions(m3) 136877.4
Oct Sum of SWGLTakings(m3) 15208.6
Nov Recreational Other - Recreational Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 35323.2
Sum of SWGLTakings(m3) 3924.8

Recreational Sum of GWTakings(m3) 0
Recreational Sum of SWTakings(m3) 0
Recreational Sum of SWDiversions(m3) 35323.2
Recreational Sum of SWGLTakings(m3) 3924.8
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NFU Nov Sum of GWTakings(m3) 0
Nov Sum of SWTakings(m3) 0
Nov Sum of SWDiversions(m3) 35323.2
Nov Sum of SWGLTakings(m3) 3924.8

NFU Sum of GWTakings(m3) 0
NFU Sum of SWTakings(m3) 0
NFU Sum of SWDiversions(m3) 925411.5
NFU Sum of SWGLTakings(m3) 196893.5
NOTL Jan Agricultural Other - Agricultural Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 0
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Dewatering Pits and Quarries Sum of GWTakings(m3) 98.912

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 98.912
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
Remediation Groundwater Sum of GWTakings(m3) 9931.68

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 9931.68
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0

Jan Sum of GWTakings(m3) 10030.592
Jan Sum of SWTakings(m3) 0
Jan Sum of SWDiversions(m3) 0
Jan Sum of SWGLTakings(m3) 0
Feb Agricultural Other - Agricultural Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 0
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Dewatering Pits and Quarries Sum of GWTakings(m3) 125.888

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 125.888
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
NOTL Water Supply NOTL Municipal Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0
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NOTL Feb NOTL Water Supply NOTL Other - Water Supply Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

NOTL Water Supply Sum of GWTakings(m3) 0
NOTL Water Supply Sum of SWTakings(m3) 0
NOTL Water Supply Sum of SWDiversions(m3) 0
NOTL Water Supply Sum of SWGLTakings(m3) 0
Remediation Groundwater Sum of GWTakings(m3) 12640.32

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 12640.32
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0

Feb Sum of GWTakings(m3) 12766.208
Feb Sum of SWTakings(m3) 0
Feb Sum of SWDiversions(m3) 0
Feb Sum of SWGLTakings(m3) 0
Mar Agricultural Other - Agricultural Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 0
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Dewatering Pits and Quarries Sum of GWTakings(m3) 139.376

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 139.376
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
NOTL Water Supply NOTL Municipal Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

NOTL Other - Water Supply Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

NOTL Water Supply Sum of GWTakings(m3) 0
NOTL Water Supply Sum of SWTakings(m3) 0
NOTL Water Supply Sum of SWDiversions(m3) 0
NOTL Water Supply Sum of SWGLTakings(m3) 0
Remediation Groundwater Sum of GWTakings(m3) 13994.64

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 13994.64
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0
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NOTL Mar Sum of GWTakings(m3) 14134.016
Mar Sum of SWTakings(m3) 0
Mar Sum of SWDiversions(m3) 0
Mar Sum of SWGLTakings(m3) 0
Apr Agricultural Other - Agricultural Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 0
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Dewatering Pits and Quarries Sum of GWTakings(m3) 134.88

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 134.88
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
NOTL Water Supply NOTL Municipal Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

NOTL Other - Water Supply Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

NOTL Water Supply Sum of GWTakings(m3) 0
NOTL Water Supply Sum of SWTakings(m3) 0
NOTL Water Supply Sum of SWDiversions(m3) 0
NOTL Water Supply Sum of SWGLTakings(m3) 0
Remediation Groundwater Sum of GWTakings(m3) 13543.2

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 13543.2
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0

Apr Sum of GWTakings(m3) 13678.08
Apr Sum of SWTakings(m3) 0
Apr Sum of SWDiversions(m3) 0
Apr Sum of SWGLTakings(m3) 0
May Agricultural Fruit Orchards Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 29332.8
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Agricultural Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 15418.07061
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 0
Agricultural Sum of SWTakings(m3) 44750.87061
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
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NOTL May Commercial Golf Course Irrigation Sum of GWTakings(m3) 28715.4
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 12090
Sum of SWGLTakings(m3) 28210

Commercial Sum of GWTakings(m3) 28715.4
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 12090
Commercial Sum of SWGLTakings(m3) 28210
Dewatering Pits and Quarries Sum of GWTakings(m3) 139.376

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 139.376
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
NOTL Water Supply NOTL Municipal Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 3583.421883
Sum of SWGLTakings(m3) 20306.05733

NOTL Other - Water Supply Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 18587.8861
Sum of SWGLTakings(m3) 105331.3546

NOTL Water Supply Sum of GWTakings(m3) 0
NOTL Water Supply Sum of SWTakings(m3) 0
NOTL Water Supply Sum of SWDiversions(m3) 22171.30799
NOTL Water Supply Sum of SWGLTakings(m3) 125637.4119
Remediation Groundwater Sum of GWTakings(m3) 13994.64

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 13994.64
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0

May Sum of GWTakings(m3) 42849.416
May Sum of SWTakings(m3) 44750.87061
May Sum of SWDiversions(m3) 34261.30799
May Sum of SWGLTakings(m3) 153847.4119
Jun Agricultural Fruit Orchards Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 65096
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Agricultural Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 71167.95914
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Tender Fruit Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 77232
Sum of SWDiversions(m3) 57390
Sum of SWGLTakings(m3) 229560

Agricultural Sum of GWTakings(m3) 0
Agricultural Sum of SWTakings(m3) 213495.9591
Agricultural Sum of SWDiversions(m3) 57390
Agricultural Sum of SWGLTakings(m3) 229560
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NOTL Jun Commercial Golf Course Irrigation Sum of GWTakings(m3) 30933
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 11700
Sum of SWGLTakings(m3) 27300

Commercial Sum of GWTakings(m3) 30933
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 11700
Commercial Sum of SWGLTakings(m3) 27300
Dewatering Pits and Quarries Sum of GWTakings(m3) 134.88

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 134.88
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
NOTL Water Supply NOTL Municipal Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 33994.24283
Sum of SWGLTakings(m3) 192634.0427

NOTL Other - Water Supply Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 122626.9011
Sum of SWGLTakings(m3) 694885.7729

NOTL Water Supply Sum of GWTakings(m3) 0
NOTL Water Supply Sum of SWTakings(m3) 0
NOTL Water Supply Sum of SWDiversions(m3) 156621.1439
NOTL Water Supply Sum of SWGLTakings(m3) 887519.8156
Remediation Groundwater Sum of GWTakings(m3) 13543.2

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 13543.2
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0

Jun Sum of GWTakings(m3) 44611.08
Jun Sum of SWTakings(m3) 213495.9591
Jun Sum of SWDiversions(m3) 225711.1439
Jun Sum of SWGLTakings(m3) 1144379.816
Jul Agricultural Fruit Orchards Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 67431.2
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Agricultural Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 103309.0276
Sum of SWDiversions(m3) 20290.9074
Sum of SWGLTakings(m3) 81163.6296

Tender Fruit Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 82715.2
Sum of SWDiversions(m3) 104276.2
Sum of SWGLTakings(m3) 417104.8

Agricultural Sum of GWTakings(m3) 0
Agricultural Sum of SWTakings(m3) 253455.4276
Agricultural Sum of SWDiversions(m3) 124567.1074
Agricultural Sum of SWGLTakings(m3) 498268.4296

Page 61 of 94

TABLE F.1
PTTW DEMAND
TIER 1 WATER BUDGET AND STRESS ASSESSMENT

NOTL Jul Commercial Golf Course Irrigation Sum of GWTakings(m3) 31964.1
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 12090
Sum of SWGLTakings(m3) 28210

Commercial Sum of GWTakings(m3) 31964.1
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 12090
Commercial Sum of SWGLTakings(m3) 28210
Dewatering Pits and Quarries Sum of GWTakings(m3) 139.376

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 139.376
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
NOTL Water Supply NOTL Municipal Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 113172.3255
Sum of SWGLTakings(m3) 641309.8447

NOTL Other - Water Supply Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 146951.9573
Sum of SWGLTakings(m3) 832727.7582

NOTL Water Supply Sum of GWTakings(m3) 0
NOTL Water Supply Sum of SWTakings(m3) 0
NOTL Water Supply Sum of SWDiversions(m3) 260124.2829
NOTL Water Supply Sum of SWGLTakings(m3) 1474037.603
Remediation Groundwater Sum of GWTakings(m3) 13994.64

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 13994.64
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0

Jul Sum of GWTakings(m3) 46098.116
Jul Sum of SWTakings(m3) 253455.4276
Jul Sum of SWDiversions(m3) 396781.3903
Jul Sum of SWGLTakings(m3) 2000516.032
Aug Agricultural Fruit Orchards Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 77823.2
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Market Gardens / Flowers Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 100
Sum of SWGLTakings(m3) 900

Other - Agricultural Sum of GWTakings(m3) 7200
Sum of SWTakings(m3) 85265.38558
Sum of SWDiversions(m3) 20290.9074
Sum of SWGLTakings(m3) 81163.6296

Tender Fruit Sum of GWTakings(m3) 4296
Sum of SWTakings(m3) 124892.8
Sum of SWDiversions(m3) 109377.8
Sum of SWGLTakings(m3) 437511.2
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NOTL Aug Agricultural Sum of GWTakings(m3) 11496
Agricultural Sum of SWTakings(m3) 287981.3856
Agricultural Sum of SWDiversions(m3) 129768.7074
Agricultural Sum of SWGLTakings(m3) 519574.8296
Commercial Golf Course Irrigation Sum of GWTakings(m3) 31964.1

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 12090
Sum of SWGLTakings(m3) 28210

Commercial Sum of GWTakings(m3) 31964.1
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 12090
Commercial Sum of SWGLTakings(m3) 28210
Dewatering Pits and Quarries Sum of GWTakings(m3) 139.376

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 139.376
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
NOTL Water Supply NOTL Municipal Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 116461.5019
Sum of SWGLTakings(m3) 659948.5105

NOTL Other - Water Supply Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 148403.2842
Sum of SWGLTakings(m3) 840951.9438

NOTL Water Supply Sum of GWTakings(m3) 0
NOTL Water Supply Sum of SWTakings(m3) 0
NOTL Water Supply Sum of SWDiversions(m3) 264864.7861
NOTL Water Supply Sum of SWGLTakings(m3) 1500900.454
Remediation Groundwater Sum of GWTakings(m3) 13994.64

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 13994.64
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0

Aug Sum of GWTakings(m3) 57594.116
Aug Sum of SWTakings(m3) 287981.3856
Aug Sum of SWDiversions(m3) 406723.4935
Aug Sum of SWGLTakings(m3) 2048685.284
Sep Agricultural Fruit Orchards Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 62856
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Agricultural Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 20611.52597
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Tender Fruit Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 20595.2
Sum of SWDiversions(m3) 43916
Sum of SWGLTakings(m3) 175664
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NOTL Sep Agricultural Sum of GWTakings(m3) 0
Agricultural Sum of SWTakings(m3) 104062.726
Agricultural Sum of SWDiversions(m3) 43916
Agricultural Sum of SWGLTakings(m3) 175664
Commercial Golf Course Irrigation Sum of GWTakings(m3) 30933

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 11700
Sum of SWGLTakings(m3) 27300

Commercial Sum of GWTakings(m3) 30933
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 11700
Commercial Sum of SWGLTakings(m3) 27300
Dewatering Pits and Quarries Sum of GWTakings(m3) 134.88

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 134.88
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
NOTL Water Supply NOTL Municipal Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 47455.55256
Sum of SWGLTakings(m3) 268914.7978

NOTL Other - Water Supply Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 116201.5431
Sum of SWGLTakings(m3) 658475.4109

NOTL Water Supply Sum of GWTakings(m3) 0
NOTL Water Supply Sum of SWTakings(m3) 0
NOTL Water Supply Sum of SWDiversions(m3) 163657.0957
NOTL Water Supply Sum of SWGLTakings(m3) 927390.2088
Remediation Groundwater Sum of GWTakings(m3) 13543.2

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 13543.2
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0

Sep Sum of GWTakings(m3) 44611.08
Sep Sum of SWTakings(m3) 104062.726
Sep Sum of SWDiversions(m3) 219273.0957
Sep Sum of SWGLTakings(m3) 1130354.209
Oct Agricultural Fruit Orchards Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 29332.8
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Agricultural Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 0
Agricultural Sum of SWTakings(m3) 29332.8
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
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NOTL Oct Commercial Golf Course Irrigation Sum of GWTakings(m3) 28715.4
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 12090
Sum of SWGLTakings(m3) 28210

Commercial Sum of GWTakings(m3) 28715.4
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 12090
Commercial Sum of SWGLTakings(m3) 28210
Dewatering Pits and Quarries Sum of GWTakings(m3) 139.376

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 139.376
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
NOTL Water Supply NOTL Municipal Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

NOTL Other - Water Supply Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 8074.283369
Sum of SWGLTakings(m3) 45754.27243

NOTL Water Supply Sum of GWTakings(m3) 0
NOTL Water Supply Sum of SWTakings(m3) 0
NOTL Water Supply Sum of SWDiversions(m3) 8074.283369
NOTL Water Supply Sum of SWGLTakings(m3) 45754.27243
Remediation Groundwater Sum of GWTakings(m3) 13994.64

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 13994.64
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0

Oct Sum of GWTakings(m3) 42849.416
Oct Sum of SWTakings(m3) 29332.8
Oct Sum of SWDiversions(m3) 20164.28337
Oct Sum of SWGLTakings(m3) 73964.27243
Nov Agricultural Other - Agricultural Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 0
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Dewatering Pits and Quarries Sum of GWTakings(m3) 134.88

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 134.88
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
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NOTL Nov NOTL Water Supply NOTL Municipal Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

NOTL Other - Water Supply Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

NOTL Water Supply Sum of GWTakings(m3) 0
NOTL Water Supply Sum of SWTakings(m3) 0
NOTL Water Supply Sum of SWDiversions(m3) 0
NOTL Water Supply Sum of SWGLTakings(m3) 0
Remediation Groundwater Sum of GWTakings(m3) 13543.2

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 13543.2
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0

Nov Sum of GWTakings(m3) 13678.08
Nov Sum of SWTakings(m3) 0
Nov Sum of SWDiversions(m3) 0
Nov Sum of SWGLTakings(m3) 0
Dec Agricultural Other - Agricultural Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 0
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Dewatering Pits and Quarries Sum of GWTakings(m3) 139.376

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 139.376
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
NOTL Water Supply NOTL Municipal Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

NOTL Other - Water Supply Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

NOTL Water Supply Sum of GWTakings(m3) 0
NOTL Water Supply Sum of SWTakings(m3) 0
NOTL Water Supply Sum of SWDiversions(m3) 0
NOTL Water Supply Sum of SWGLTakings(m3) 0
Remediation Groundwater Sum of GWTakings(m3) 13994.64

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0
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NOTL Dec Remediation Sum of GWTakings(m3) 13994.64
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0

Dec Sum of GWTakings(m3) 14134.016
Dec Sum of SWTakings(m3) 0
Dec Sum of SWDiversions(m3) 0
Dec Sum of SWGLTakings(m3) 0

NOTL Sum of GWTakings(m3) 357034.216
NOTL Sum of SWTakings(m3) 933079.1689
NOTL Sum of SWDiversions(m3) 1302914.715
NOTL Sum of SWGLTakings(m3) 6551747.025
SNF Mar Commercial Golf Course Irrigation Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 15858.192
Sum of SWDiversions(m3) 30618
Sum of SWGLTakings(m3) 71442

Commercial Sum of GWTakings(m3) 0
Commercial Sum of SWTakings(m3) 15858.192
Commercial Sum of SWDiversions(m3) 30618
Commercial Sum of SWGLTakings(m3) 71442

Mar Sum of GWTakings(m3) 0
Mar Sum of SWTakings(m3) 15858.192
Mar Sum of SWDiversions(m3) 30618
Mar Sum of SWGLTakings(m3) 71442
Apr Commercial Golf Course Irrigation Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 48770.82
Sum of SWDiversions(m3) 51030
Sum of SWGLTakings(m3) 119070

Commercial Sum of GWTakings(m3) 0
Commercial Sum of SWTakings(m3) 48770.82
Commercial Sum of SWDiversions(m3) 51030
Commercial Sum of SWGLTakings(m3) 119070

Apr Sum of GWTakings(m3) 0
Apr Sum of SWTakings(m3) 48770.82
Apr Sum of SWDiversions(m3) 51030
Apr Sum of SWGLTakings(m3) 119070
May Commercial Golf Course Irrigation Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 50396.514
Sum of SWDiversions(m3) 52731
Sum of SWGLTakings(m3) 123039

Commercial Sum of GWTakings(m3) 0
Commercial Sum of SWTakings(m3) 50396.514
Commercial Sum of SWDiversions(m3) 52731
Commercial Sum of SWGLTakings(m3) 123039

May Sum of GWTakings(m3) 0
May Sum of SWTakings(m3) 50396.514
May Sum of SWDiversions(m3) 52731
May Sum of SWGLTakings(m3) 123039
Jun Commercial Golf Course Irrigation Sum of GWTakings(m3) 33909.54

Sum of SWTakings(m3) 48770.82
Sum of SWDiversions(m3) 51030
Sum of SWGLTakings(m3) 119070

Commercial Sum of GWTakings(m3) 33909.54
Commercial Sum of SWTakings(m3) 48770.82
Commercial Sum of SWDiversions(m3) 51030
Commercial Sum of SWGLTakings(m3) 119070
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SNF Jun Sum of GWTakings(m3) 33909.54
Jun Sum of SWTakings(m3) 48770.82
Jun Sum of SWDiversions(m3) 51030
Jun Sum of SWGLTakings(m3) 119070
Jul Commercial Golf Course Irrigation Sum of GWTakings(m3) 35039.858

Sum of SWTakings(m3) 50396.514
Sum of SWDiversions(m3) 52731
Sum of SWGLTakings(m3) 123039

Commercial Sum of GWTakings(m3) 35039.858
Commercial Sum of SWTakings(m3) 50396.514
Commercial Sum of SWDiversions(m3) 52731
Commercial Sum of SWGLTakings(m3) 123039

Jul Sum of GWTakings(m3) 35039.858
Jul Sum of SWTakings(m3) 50396.514
Jul Sum of SWDiversions(m3) 52731
Jul Sum of SWGLTakings(m3) 123039
Aug Commercial Golf Course Irrigation Sum of GWTakings(m3) 35039.858

Sum of SWTakings(m3) 50396.514
Sum of SWDiversions(m3) 52731
Sum of SWGLTakings(m3) 123039

Commercial Sum of GWTakings(m3) 35039.858
Commercial Sum of SWTakings(m3) 50396.514
Commercial Sum of SWDiversions(m3) 52731
Commercial Sum of SWGLTakings(m3) 123039

Aug Sum of GWTakings(m3) 35039.858
Aug Sum of SWTakings(m3) 50396.514
Aug Sum of SWDiversions(m3) 52731
Aug Sum of SWGLTakings(m3) 123039
Sep Commercial Golf Course Irrigation Sum of GWTakings(m3) 33909.54

Sum of SWTakings(m3) 48770.82
Sum of SWDiversions(m3) 51030
Sum of SWGLTakings(m3) 119070

Commercial Sum of GWTakings(m3) 33909.54
Commercial Sum of SWTakings(m3) 48770.82
Commercial Sum of SWDiversions(m3) 51030
Commercial Sum of SWGLTakings(m3) 119070

Sep Sum of GWTakings(m3) 33909.54
Sep Sum of SWTakings(m3) 48770.82
Sep Sum of SWDiversions(m3) 51030
Sep Sum of SWGLTakings(m3) 119070
Oct Commercial Golf Course Irrigation Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 50396.514
Sum of SWDiversions(m3) 52731
Sum of SWGLTakings(m3) 123039

Commercial Sum of GWTakings(m3) 0
Commercial Sum of SWTakings(m3) 50396.514
Commercial Sum of SWDiversions(m3) 52731
Commercial Sum of SWGLTakings(m3) 123039

Oct Sum of GWTakings(m3) 0
Oct Sum of SWTakings(m3) 50396.514
Oct Sum of SWDiversions(m3) 52731
Oct Sum of SWGLTakings(m3) 123039
Nov Commercial Golf Course Irrigation Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 32115.132
Sum of SWDiversions(m3) 47628
Sum of SWGLTakings(m3) 111132
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SNF Nov Commercial Sum of GWTakings(m3) 0
Commercial Sum of SWTakings(m3) 32115.132
Commercial Sum of SWDiversions(m3) 47628
Commercial Sum of SWGLTakings(m3) 111132

Nov Sum of GWTakings(m3) 0
Nov Sum of SWTakings(m3) 32115.132
Nov Sum of SWDiversions(m3) 47628
Nov Sum of SWGLTakings(m3) 111132

SNF Sum of GWTakings(m3) 137898.796
SNF Sum of SWTakings(m3) 395871.84
SNF Sum of SWDiversions(m3) 442260
SNF Sum of SWGLTakings(m3) 1031940
TWEN Jan Agricultural Other - Agricultural Sum of GWTakings(m3) 1080.1296

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 1080.1296
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Dewatering Pits and Quarries Sum of GWTakings(m3) 318.0826667

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 318.0826667
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 3137.75424

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Industrial Sum of GWTakings(m3) 5066.64
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 8204.39424
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
Institutional Other - Institutional Sum of GWTakings(m3) 387.5

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Institutional Sum of GWTakings(m3) 387.5
Institutional Sum of SWTakings(m3) 0
Institutional Sum of SWDiversions(m3) 0
Institutional Sum of SWGLTakings(m3) 0
Remediation Groundwater Sum of GWTakings(m3) 2820.664

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 2820.664
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0
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TWEN Jan Sum of GWTakings(m3) 12810.77051
Jan Sum of SWTakings(m3) 0
Jan Sum of SWDiversions(m3) 0
Jan Sum of SWGLTakings(m3) 0
Feb Agricultural Other - Agricultural Sum of GWTakings(m3) 1374.7104

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 1374.7104
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 9777.6
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 0
Commercial Sum of SWTakings(m3) 9777.6
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Dewatering Pits and Quarries Sum of GWTakings(m3) 681.1618462

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 681.1618462
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 3109.77738

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Industrial Sum of GWTakings(m3) 4576.32
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 7686.09738
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
Institutional Other - Institutional Sum of GWTakings(m3) 350

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Institutional Sum of GWTakings(m3) 350
Institutional Sum of SWTakings(m3) 0
Institutional Sum of SWDiversions(m3) 0
Institutional Sum of SWGLTakings(m3) 0
Remediation Groundwater Sum of GWTakings(m3) 3589.936

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 3589.936
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0
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TWEN Feb Sum of GWTakings(m3) 13681.90563
Feb Sum of SWTakings(m3) 9777.6
Feb Sum of SWDiversions(m3) 0
Feb Sum of SWGLTakings(m3) 0
Mar Agricultural Other - Agricultural Sum of GWTakings(m3) 1522.0008

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 1522.0008
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 82195.4
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 0
Commercial Sum of SWTakings(m3) 82195.4
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Dewatering Pits and Quarries Sum of GWTakings(m3) 922.664

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 922.664
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 5319.225

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Industrial Sum of GWTakings(m3) 5066.64
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 10385.865
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
Institutional Other - Institutional Sum of GWTakings(m3) 387.5

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Institutional Sum of GWTakings(m3) 387.5
Institutional Sum of SWTakings(m3) 0
Institutional Sum of SWDiversions(m3) 0
Institutional Sum of SWGLTakings(m3) 0
Remediation Groundwater Sum of GWTakings(m3) 3974.572

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 3974.572
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0
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TWEN Mar Sum of GWTakings(m3) 17192.6018
Mar Sum of SWTakings(m3) 82195.4
Mar Sum of SWDiversions(m3) 0
Mar Sum of SWGLTakings(m3) 0
Apr Agricultural Other - Agricultural Sum of GWTakings(m3) 1472.904

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 1472.904
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 87087
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 0
Commercial Sum of SWTakings(m3) 87087
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Dewatering Pits and Quarries Sum of GWTakings(m3) 1147.3072

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 1147.3072
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 7886.034

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Industrial Sum of GWTakings(m3) 4903.2
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 12789.234
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
Institutional Other - Institutional Sum of GWTakings(m3) 375

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Institutional Sum of GWTakings(m3) 375
Institutional Sum of SWTakings(m3) 0
Institutional Sum of SWDiversions(m3) 0
Institutional Sum of SWGLTakings(m3) 0
Remediation Groundwater Sum of GWTakings(m3) 3846.36

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 3846.36
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0
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TWEN Apr Sum of GWTakings(m3) 19630.8052
Apr Sum of SWTakings(m3) 87087
Apr Sum of SWDiversions(m3) 0
Apr Sum of SWGLTakings(m3) 0
May Agricultural Other - Agricultural Sum of GWTakings(m3) 1522.0008

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Sod Farm Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 134592.84
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 1522.0008
Agricultural Sum of SWTakings(m3) 134592.84
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 89989.9
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 0
Commercial Sum of SWTakings(m3) 89989.9
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Dewatering Pits and Quarries Sum of GWTakings(m3) 1199.9232

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 1199.9232
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 1777.1112

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Industrial Sum of GWTakings(m3) 5066.64
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 6843.7512
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
Institutional Other - Institutional Sum of GWTakings(m3) 387.5

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Institutional Sum of GWTakings(m3) 387.5
Institutional Sum of SWTakings(m3) 0
Institutional Sum of SWDiversions(m3) 0
Institutional Sum of SWGLTakings(m3) 0
Recreational Other - Recreational Sum of GWTakings(m3) 22.5

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0
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TWEN May Recreational Sum of GWTakings(m3) 22.5
Recreational Sum of SWTakings(m3) 0
Recreational Sum of SWDiversions(m3) 0
Recreational Sum of SWGLTakings(m3) 0
Remediation Groundwater Sum of GWTakings(m3) 3974.572

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 3974.572
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0

May Sum of GWTakings(m3) 13950.2472
May Sum of SWTakings(m3) 224582.74
May Sum of SWDiversions(m3) 0
May Sum of SWGLTakings(m3) 0
Jun Agricultural Fruit Orchards Sum of GWTakings(m3) 2160.2592

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Agricultural Sum of GWTakings(m3) 1472.904
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Sod Farm Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 264772.8
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 3633.1632
Agricultural Sum of SWTakings(m3) 264772.8
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 21000

Sum of SWTakings(m3) 87087
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 21000
Commercial Sum of SWTakings(m3) 87087
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Dewatering Pits and Quarries Sum of GWTakings(m3) 896.1712

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 896.1712
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 2679.7176

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Industrial Sum of GWTakings(m3) 4903.2
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0
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TWEN Jun Industrial Sum of GWTakings(m3) 7582.9176
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
Institutional Other - Institutional Sum of GWTakings(m3) 375

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Institutional Sum of GWTakings(m3) 375
Institutional Sum of SWTakings(m3) 0
Institutional Sum of SWDiversions(m3) 0
Institutional Sum of SWGLTakings(m3) 0
Recreational Other - Recreational Sum of GWTakings(m3) 675

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Recreational Sum of GWTakings(m3) 675
Recreational Sum of SWTakings(m3) 0
Recreational Sum of SWDiversions(m3) 0
Recreational Sum of SWGLTakings(m3) 0
Remediation Groundwater Sum of GWTakings(m3) 3846.36

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 3846.36
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0

Jun Sum of GWTakings(m3) 38008.612
Jun Sum of SWTakings(m3) 351859.8
Jun Sum of SWDiversions(m3) 0
Jun Sum of SWGLTakings(m3) 0
Jul Agricultural Fruit Orchards Sum of GWTakings(m3) 3720.4464

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Agricultural Sum of GWTakings(m3) 1522.0008
Sum of SWTakings(m3) 15710.976
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Sod Farm Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 273598.56
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Tender Fruit Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 1344
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 5242.4472
Agricultural Sum of SWTakings(m3) 290653.536
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 25133.5

Sum of SWTakings(m3) 89989.9
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0
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PTTW DEMAND
TIER 1 WATER BUDGET AND STRESS ASSESSMENT

TWEN Jul Commercial Sum of GWTakings(m3) 25133.5
Commercial Sum of SWTakings(m3) 89989.9
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Dewatering Pits and Quarries Sum of GWTakings(m3) 727.184

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 727.184
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 4179.9456

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Industrial Sum of GWTakings(m3) 5066.64
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 9246.5856
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
Institutional Other - Institutional Sum of GWTakings(m3) 387.5

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Institutional Sum of GWTakings(m3) 387.5
Institutional Sum of SWTakings(m3) 0
Institutional Sum of SWDiversions(m3) 0
Institutional Sum of SWGLTakings(m3) 0
Recreational Other - Recreational Sum of GWTakings(m3) 697.5

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Recreational Sum of GWTakings(m3) 697.5
Recreational Sum of SWTakings(m3) 0
Recreational Sum of SWDiversions(m3) 0
Recreational Sum of SWGLTakings(m3) 0
Remediation Groundwater Sum of GWTakings(m3) 3974.572

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 3974.572
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0

Jul Sum of GWTakings(m3) 45409.2888
Jul Sum of SWTakings(m3) 380643.436
Jul Sum of SWDiversions(m3) 0
Jul Sum of SWGLTakings(m3) 0
Aug Agricultural Fruit Orchards Sum of GWTakings(m3) 3720.4464

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Page 76 of 94



TABLE F.1
PTTW DEMAND
TIER 1 WATER BUDGET AND STRESS ASSESSMENT

TWEN Aug Agricultural Other - Agricultural Sum of GWTakings(m3) 1522.0008
Sum of SWTakings(m3) 54115.584
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Sod Farm Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 273598.56
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Tender Fruit Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 2976
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 5242.4472
Agricultural Sum of SWTakings(m3) 330690.144
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 33526.5

Sum of SWTakings(m3) 89989.9
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 33526.5
Commercial Sum of SWTakings(m3) 89989.9
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Dewatering Pits and Quarries Sum of GWTakings(m3) 713.328

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 713.328
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 2814.2208

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Industrial Sum of GWTakings(m3) 5066.64
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 7880.8608
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
Institutional Other - Institutional Sum of GWTakings(m3) 387.5

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Institutional Sum of GWTakings(m3) 387.5
Institutional Sum of SWTakings(m3) 0
Institutional Sum of SWDiversions(m3) 0
Institutional Sum of SWGLTakings(m3) 0
Recreational Other - Recreational Sum of GWTakings(m3) 697.5

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0
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PTTW DEMAND
TIER 1 WATER BUDGET AND STRESS ASSESSMENT

TWEN Aug Recreational Sum of GWTakings(m3) 697.5
Recreational Sum of SWTakings(m3) 0
Recreational Sum of SWDiversions(m3) 0
Recreational Sum of SWGLTakings(m3) 0
Remediation Groundwater Sum of GWTakings(m3) 3974.572

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 3974.572
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0

Aug Sum of GWTakings(m3) 52422.708
Aug Sum of SWTakings(m3) 420680.044
Aug Sum of SWDiversions(m3) 0
Aug Sum of SWGLTakings(m3) 0
Sep Agricultural Other - Agricultural Sum of GWTakings(m3) 1472.904

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Sod Farm Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 264772.8
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 1472.904
Agricultural Sum of SWTakings(m3) 264772.8
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 5600

Sum of SWTakings(m3) 87087
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 5600
Commercial Sum of SWTakings(m3) 87087
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Dewatering Pits and Quarries Sum of GWTakings(m3) 546.4

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 546.4
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 2296.9008

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Industrial Sum of GWTakings(m3) 4903.2
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 7200.1008
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
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PTTW DEMAND
TIER 1 WATER BUDGET AND STRESS ASSESSMENT

TWEN Sep Institutional Other - Institutional Sum of GWTakings(m3) 375
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Institutional Sum of GWTakings(m3) 375
Institutional Sum of SWTakings(m3) 0
Institutional Sum of SWDiversions(m3) 0
Institutional Sum of SWGLTakings(m3) 0
Recreational Other - Recreational Sum of GWTakings(m3) 675

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Recreational Sum of GWTakings(m3) 675
Recreational Sum of SWTakings(m3) 0
Recreational Sum of SWDiversions(m3) 0
Recreational Sum of SWGLTakings(m3) 0
Remediation Groundwater Sum of GWTakings(m3) 3846.36

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 3846.36
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0

Sep Sum of GWTakings(m3) 19715.7648
Sep Sum of SWTakings(m3) 351859.8
Sep Sum of SWDiversions(m3) 0
Sep Sum of SWGLTakings(m3) 0
Oct Agricultural Other - Agricultural Sum of GWTakings(m3) 1522.0008

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Sod Farm Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 134592.84
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 1522.0008
Agricultural Sum of SWTakings(m3) 134592.84
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 89989.9
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 0
Commercial Sum of SWTakings(m3) 89989.9
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Dewatering Pits and Quarries Sum of GWTakings(m3) 449.352

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 449.352
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
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TWEN Oct Industrial Aggregate Washing Sum of GWTakings(m3) 2121.012
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Industrial Sum of GWTakings(m3) 5066.64
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 7187.652
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
Institutional Other - Institutional Sum of GWTakings(m3) 387.5

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Institutional Sum of GWTakings(m3) 387.5
Institutional Sum of SWTakings(m3) 0
Institutional Sum of SWDiversions(m3) 0
Institutional Sum of SWGLTakings(m3) 0
Recreational Other - Recreational Sum of GWTakings(m3) 22.5

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Recreational Sum of GWTakings(m3) 22.5
Recreational Sum of SWTakings(m3) 0
Recreational Sum of SWDiversions(m3) 0
Recreational Sum of SWGLTakings(m3) 0
Remediation Groundwater Sum of GWTakings(m3) 3974.572

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 3974.572
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0

Oct Sum of GWTakings(m3) 13543.5768
Oct Sum of SWTakings(m3) 224582.74
Oct Sum of SWDiversions(m3) 0
Oct Sum of SWGLTakings(m3) 0
Nov Agricultural Other - Agricultural Sum of GWTakings(m3) 1472.904

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 1472.904
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 84336
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 0
Commercial Sum of SWTakings(m3) 84336
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
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TIER 1 WATER BUDGET AND STRESS ASSESSMENT

TWEN Nov Dewatering Pits and Quarries Sum of GWTakings(m3) 731.072
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 731.072
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 1355.3784

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Industrial Sum of GWTakings(m3) 4903.2
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 6258.5784
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
Institutional Other - Institutional Sum of GWTakings(m3) 375

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Institutional Sum of GWTakings(m3) 375
Institutional Sum of SWTakings(m3) 0
Institutional Sum of SWDiversions(m3) 0
Institutional Sum of SWGLTakings(m3) 0
Remediation Groundwater Sum of GWTakings(m3) 3846.36

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 3846.36
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0

Nov Sum of GWTakings(m3) 12683.9144
Nov Sum of SWTakings(m3) 84336
Nov Sum of SWDiversions(m3) 0
Nov Sum of SWGLTakings(m3) 0
Dec Agricultural Other - Agricultural Sum of GWTakings(m3) 1522.0008

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 1522.0008
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 36666
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 0
Commercial Sum of SWTakings(m3) 36666
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
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TWEN Dec Dewatering Pits and Quarries Sum of GWTakings(m3) 609.816
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Dewatering Sum of GWTakings(m3) 609.816
Dewatering Sum of SWTakings(m3) 0
Dewatering Sum of SWDiversions(m3) 0
Dewatering Sum of SWGLTakings(m3) 0
Industrial Aggregate Washing Sum of GWTakings(m3) 6181.974

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Other - Industrial Sum of GWTakings(m3) 5066.64
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Industrial Sum of GWTakings(m3) 11248.614
Industrial Sum of SWTakings(m3) 0
Industrial Sum of SWDiversions(m3) 0
Industrial Sum of SWGLTakings(m3) 0
Institutional Other - Institutional Sum of GWTakings(m3) 387.5

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Institutional Sum of GWTakings(m3) 387.5
Institutional Sum of SWTakings(m3) 0
Institutional Sum of SWDiversions(m3) 0
Institutional Sum of SWGLTakings(m3) 0
Remediation Groundwater Sum of GWTakings(m3) 3974.572

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Remediation Sum of GWTakings(m3) 3974.572
Remediation Sum of SWTakings(m3) 0
Remediation Sum of SWDiversions(m3) 0
Remediation Sum of SWGLTakings(m3) 0

Dec Sum of GWTakings(m3) 17742.5028
Dec Sum of SWTakings(m3) 36666
Dec Sum of SWDiversions(m3) 0
Dec Sum of SWGLTakings(m3) 0

TWEN Sum of GWTakings(m3) 276792.6979
TWEN Sum of SWTakings(m3) 2254270.56
TWEN Sum of SWDiversions(m3) 0
TWEN Sum of SWGLTakings(m3) 0
UTWEL Mar Agricultural Other - Agricultural Sum of GWTakings(m3) 20985.184

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 20985.184
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 6419.266

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0
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PTTW DEMAND
TIER 1 WATER BUDGET AND STRESS ASSESSMENT

UTWEL Mar Commercial Sum of GWTakings(m3) 6419.266
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0

Mar Sum of GWTakings(m3) 27404.45
Mar Sum of SWTakings(m3) 0
Mar Sum of SWDiversions(m3) 0
Mar Sum of SWGLTakings(m3) 0
Apr Agricultural Other - Agricultural Sum of GWTakings(m3) 57232.32

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 57232.32
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 9628.899

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 9628.899
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0

Apr Sum of GWTakings(m3) 66861.219
Apr Sum of SWTakings(m3) 0
Apr Sum of SWDiversions(m3) 0
Apr Sum of SWGLTakings(m3) 0
May Agricultural Other - Agricultural Sum of GWTakings(m3) 59140.064

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 59140.064
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 9949.8623

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 9949.8623
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Recreational Other - Recreational Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 408
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Recreational Sum of GWTakings(m3) 0
Recreational Sum of SWTakings(m3) 408
Recreational Sum of SWDiversions(m3) 0
Recreational Sum of SWGLTakings(m3) 0
Water Supply Campgrounds Sum of GWTakings(m3) 646

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0
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UTWEL May Water Supply Sum of GWTakings(m3) 646
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

May Sum of GWTakings(m3) 69735.9263
May Sum of SWTakings(m3) 408
May Sum of SWDiversions(m3) 0
May Sum of SWGLTakings(m3) 0
Jun Agricultural Other - Agricultural Sum of GWTakings(m3) 57232.32

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 57232.32
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 9628.899

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 9628.899
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Recreational Other - Recreational Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 720
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Recreational Sum of GWTakings(m3) 0
Recreational Sum of SWTakings(m3) 720
Recreational Sum of SWDiversions(m3) 0
Recreational Sum of SWGLTakings(m3) 0
Water Supply Campgrounds Sum of GWTakings(m3) 1140

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 1140
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Jun Sum of GWTakings(m3) 68001.219
Jun Sum of SWTakings(m3) 720
Jun Sum of SWDiversions(m3) 0
Jun Sum of SWGLTakings(m3) 0
Jul Agricultural Other - Agricultural Sum of GWTakings(m3) 59140.064

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 59140.064
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 9949.8623

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0
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TIER 1 WATER BUDGET AND STRESS ASSESSMENT

UTWEL Jul Commercial Sum of GWTakings(m3) 9949.8623
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Recreational Other - Recreational Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 744
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Recreational Sum of GWTakings(m3) 0
Recreational Sum of SWTakings(m3) 744
Recreational Sum of SWDiversions(m3) 0
Recreational Sum of SWGLTakings(m3) 0
Water Supply Campgrounds Sum of GWTakings(m3) 1178

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 1178
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Jul Sum of GWTakings(m3) 70267.9263
Jul Sum of SWTakings(m3) 744
Jul Sum of SWDiversions(m3) 0
Jul Sum of SWGLTakings(m3) 0
Aug Agricultural Other - Agricultural Sum of GWTakings(m3) 59140.064

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 59140.064
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 9949.8623

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 9949.8623
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Recreational Other - Recreational Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 744
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Recreational Sum of GWTakings(m3) 0
Recreational Sum of SWTakings(m3) 744
Recreational Sum of SWDiversions(m3) 0
Recreational Sum of SWGLTakings(m3) 0
Water Supply Campgrounds Sum of GWTakings(m3) 1178

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 1178
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0
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TIER 1 WATER BUDGET AND STRESS ASSESSMENT

UTWEL Aug Sum of GWTakings(m3) 70267.9263
Aug Sum of SWTakings(m3) 744
Aug Sum of SWDiversions(m3) 0
Aug Sum of SWGLTakings(m3) 0
Sep Agricultural Other - Agricultural Sum of GWTakings(m3) 57232.32

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 57232.32
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 9628.899

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 9628.899
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Recreational Other - Recreational Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 720
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Recreational Sum of GWTakings(m3) 0
Recreational Sum of SWTakings(m3) 720
Recreational Sum of SWDiversions(m3) 0
Recreational Sum of SWGLTakings(m3) 0
Water Supply Campgrounds Sum of GWTakings(m3) 1140

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 1140
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Sep Sum of GWTakings(m3) 68001.219
Sep Sum of SWTakings(m3) 720
Sep Sum of SWDiversions(m3) 0
Sep Sum of SWGLTakings(m3) 0
Oct Agricultural Other - Agricultural Sum of GWTakings(m3) 59140.064

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 59140.064
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 9949.8623

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 9949.8623
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
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PTTW DEMAND
TIER 1 WATER BUDGET AND STRESS ASSESSMENT

UTWEL Oct Recreational Other - Recreational Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 408
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Recreational Sum of GWTakings(m3) 0
Recreational Sum of SWTakings(m3) 408
Recreational Sum of SWDiversions(m3) 0
Recreational Sum of SWGLTakings(m3) 0
Water Supply Campgrounds Sum of GWTakings(m3) 646

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 646
Water Supply Sum of SWTakings(m3) 0
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Oct Sum of GWTakings(m3) 69735.9263
Oct Sum of SWTakings(m3) 408
Oct Sum of SWDiversions(m3) 0
Oct Sum of SWGLTakings(m3) 0
Nov Agricultural Other - Agricultural Sum of GWTakings(m3) 40062.624

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 40062.624
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 9628.899

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 9628.899
Commercial Sum of SWTakings(m3) 0
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0

Nov Sum of GWTakings(m3) 49691.523
Nov Sum of SWTakings(m3) 0
Nov Sum of SWDiversions(m3) 0
Nov Sum of SWGLTakings(m3) 0

UTWEL Sum of GWTakings(m3) 559967.3352
UTWEL Sum of SWTakings(m3) 3744
UTWEL Sum of SWDiversions(m3) 0
UTWEL Sum of SWGLTakings(m3) 0
UWR Jan Agricultural Nursery Sum of GWTakings(m3) 13860

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 13860
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Miscellaneous Dams and Reservoirs Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 14520
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0
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UWR Jan Miscellaneous Sum of GWTakings(m3) 0
Miscellaneous Sum of SWTakings(m3) 14520
Miscellaneous Sum of SWDiversions(m3) 0
Miscellaneous Sum of SWGLTakings(m3) 0

Jan Sum of GWTakings(m3) 13860
Jan Sum of SWTakings(m3) 14520
Jan Sum of SWDiversions(m3) 0
Jan Sum of SWGLTakings(m3) 0
Feb Agricultural Nursery Sum of GWTakings(m3) 17640

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 17640
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Miscellaneous Dams and Reservoirs Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 18480
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Miscellaneous Sum of GWTakings(m3) 0
Miscellaneous Sum of SWTakings(m3) 18480
Miscellaneous Sum of SWDiversions(m3) 0
Miscellaneous Sum of SWGLTakings(m3) 0

Feb Sum of GWTakings(m3) 17640
Feb Sum of SWTakings(m3) 18480
Feb Sum of SWDiversions(m3) 0
Feb Sum of SWGLTakings(m3) 0
Mar Agricultural Nursery Sum of GWTakings(m3) 19530

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 19530
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Miscellaneous Dams and Reservoirs Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 20460
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Miscellaneous Sum of GWTakings(m3) 0
Miscellaneous Sum of SWTakings(m3) 20460
Miscellaneous Sum of SWDiversions(m3) 0
Miscellaneous Sum of SWGLTakings(m3) 0

Mar Sum of GWTakings(m3) 19530
Mar Sum of SWTakings(m3) 20460
Mar Sum of SWDiversions(m3) 0
Mar Sum of SWGLTakings(m3) 0
Apr Agricultural Nursery Sum of GWTakings(m3) 18900

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 18900
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
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TIER 1 WATER BUDGET AND STRESS ASSESSMENT

UWR Apr Miscellaneous Dams and Reservoirs Sum of GWTakings(m3) 0
Sum of SWTakings(m3) 19800
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Miscellaneous Sum of GWTakings(m3) 0
Miscellaneous Sum of SWTakings(m3) 19800
Miscellaneous Sum of SWDiversions(m3) 0
Miscellaneous Sum of SWGLTakings(m3) 0
Water Supply Other - Water Supply Sum of GWTakings(m3) 105.6

Sum of SWTakings(m3) 262.656
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 105.6
Water Supply Sum of SWTakings(m3) 262.656
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Apr Sum of GWTakings(m3) 19005.6
Apr Sum of SWTakings(m3) 20062.656
Apr Sum of SWDiversions(m3) 0
Apr Sum of SWGLTakings(m3) 0
May Agricultural Nursery Sum of GWTakings(m3) 19530

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 19530
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 19356.4

Sum of SWTakings(m3) 9686.88
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 19356.4
Commercial Sum of SWTakings(m3) 9686.88
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Miscellaneous Dams and Reservoirs Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 20460
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Miscellaneous Sum of GWTakings(m3) 0
Miscellaneous Sum of SWTakings(m3) 20460
Miscellaneous Sum of SWDiversions(m3) 0
Miscellaneous Sum of SWGLTakings(m3) 0
Water Supply Other - Water Supply Sum of GWTakings(m3) 409.2

Sum of SWTakings(m3) 1017.792
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 409.2
Water Supply Sum of SWTakings(m3) 1017.792
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

May Sum of GWTakings(m3) 39295.6
May Sum of SWTakings(m3) 31164.672
May Sum of SWDiversions(m3) 0
May Sum of SWGLTakings(m3) 0
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UWR Jun Agricultural Nursery Sum of GWTakings(m3) 19143
Sum of SWTakings(m3) 13257
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 19143
Agricultural Sum of SWTakings(m3) 13257
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 22533

Sum of SWTakings(m3) 21218.4
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 22533
Commercial Sum of SWTakings(m3) 21218.4
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Miscellaneous Dams and Reservoirs Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 19800
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Miscellaneous Sum of GWTakings(m3) 0
Miscellaneous Sum of SWTakings(m3) 19800
Miscellaneous Sum of SWDiversions(m3) 0
Miscellaneous Sum of SWGLTakings(m3) 0
Water Supply Other - Water Supply Sum of GWTakings(m3) 396

Sum of SWTakings(m3) 984.96
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 396
Water Supply Sum of SWTakings(m3) 984.96
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Jun Sum of GWTakings(m3) 42072
Jun Sum of SWTakings(m3) 55260.36
Jun Sum of SWDiversions(m3) 0
Jun Sum of SWGLTakings(m3) 0
Jul Agricultural Nursery Sum of GWTakings(m3) 19781.1

Sum of SWTakings(m3) 13698.9
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 19781.1
Agricultural Sum of SWTakings(m3) 13698.9
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 23284.1

Sum of SWTakings(m3) 21925.68
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 23284.1
Commercial Sum of SWTakings(m3) 21925.68
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Miscellaneous Dams and Reservoirs Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 20460
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0
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UWR Jul Miscellaneous Sum of GWTakings(m3) 0
Miscellaneous Sum of SWTakings(m3) 20460
Miscellaneous Sum of SWDiversions(m3) 0
Miscellaneous Sum of SWGLTakings(m3) 0
Water Supply Other - Water Supply Sum of GWTakings(m3) 409.2

Sum of SWTakings(m3) 1017.792
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 409.2
Water Supply Sum of SWTakings(m3) 1017.792
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Jul Sum of GWTakings(m3) 43474.4
Jul Sum of SWTakings(m3) 57102.372
Jul Sum of SWDiversions(m3) 0
Jul Sum of SWGLTakings(m3) 0
Aug Agricultural Nursery Sum of GWTakings(m3) 19781.1

Sum of SWTakings(m3) 13698.9
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Sod Farm Sum of GWTakings(m3) 30699
Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 50480.1
Agricultural Sum of SWTakings(m3) 13698.9
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 23284.1

Sum of SWTakings(m3) 21925.68
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 23284.1
Commercial Sum of SWTakings(m3) 21925.68
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Miscellaneous Dams and Reservoirs Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 20460
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Miscellaneous Sum of GWTakings(m3) 0
Miscellaneous Sum of SWTakings(m3) 20460
Miscellaneous Sum of SWDiversions(m3) 0
Miscellaneous Sum of SWGLTakings(m3) 0
Water Supply Other - Water Supply Sum of GWTakings(m3) 409.2

Sum of SWTakings(m3) 1017.792
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 409.2
Water Supply Sum of SWTakings(m3) 1017.792
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Aug Sum of GWTakings(m3) 74173.4
Aug Sum of SWTakings(m3) 57102.372
Aug Sum of SWDiversions(m3) 0
Aug Sum of SWGLTakings(m3) 0
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UWR Sep Agricultural Nursery Sum of GWTakings(m3) 19062
Sum of SWTakings(m3) 8838
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 19062
Agricultural Sum of SWTakings(m3) 8838
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 22533

Sum of SWTakings(m3) 21218.4
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 22533
Commercial Sum of SWTakings(m3) 21218.4
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Miscellaneous Dams and Reservoirs Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 19800
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Miscellaneous Sum of GWTakings(m3) 0
Miscellaneous Sum of SWTakings(m3) 19800
Miscellaneous Sum of SWDiversions(m3) 0
Miscellaneous Sum of SWGLTakings(m3) 0
Water Supply Other - Water Supply Sum of GWTakings(m3) 396

Sum of SWTakings(m3) 984.96
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 396
Water Supply Sum of SWTakings(m3) 984.96
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Sep Sum of GWTakings(m3) 41991
Sep Sum of SWTakings(m3) 50841.36
Sep Sum of SWDiversions(m3) 0
Sep Sum of SWGLTakings(m3) 0
Oct Agricultural Nursery Sum of GWTakings(m3) 19530

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 19530
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Commercial Golf Course Irrigation Sum of GWTakings(m3) 19356.4

Sum of SWTakings(m3) 9686.88
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Commercial Sum of GWTakings(m3) 19356.4
Commercial Sum of SWTakings(m3) 9686.88
Commercial Sum of SWDiversions(m3) 0
Commercial Sum of SWGLTakings(m3) 0
Miscellaneous Dams and Reservoirs Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 20460
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0
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UWR Oct Miscellaneous Sum of GWTakings(m3) 0
Miscellaneous Sum of SWTakings(m3) 20460
Miscellaneous Sum of SWDiversions(m3) 0
Miscellaneous Sum of SWGLTakings(m3) 0
Water Supply Other - Water Supply Sum of GWTakings(m3) 409.2

Sum of SWTakings(m3) 1017.792
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 409.2
Water Supply Sum of SWTakings(m3) 1017.792
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Oct Sum of GWTakings(m3) 39295.6
Oct Sum of SWTakings(m3) 31164.672
Oct Sum of SWDiversions(m3) 0
Oct Sum of SWGLTakings(m3) 0
Nov Agricultural Nursery Sum of GWTakings(m3) 18900

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 18900
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Miscellaneous Dams and Reservoirs Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 19800
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Miscellaneous Sum of GWTakings(m3) 0
Miscellaneous Sum of SWTakings(m3) 19800
Miscellaneous Sum of SWDiversions(m3) 0
Miscellaneous Sum of SWGLTakings(m3) 0
Water Supply Other - Water Supply Sum of GWTakings(m3) 105.6

Sum of SWTakings(m3) 262.656
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Water Supply Sum of GWTakings(m3) 105.6
Water Supply Sum of SWTakings(m3) 262.656
Water Supply Sum of SWDiversions(m3) 0
Water Supply Sum of SWGLTakings(m3) 0

Nov Sum of GWTakings(m3) 19005.6
Nov Sum of SWTakings(m3) 20062.656
Nov Sum of SWDiversions(m3) 0
Nov Sum of SWGLTakings(m3) 0
Dec Agricultural Nursery Sum of GWTakings(m3) 19530

Sum of SWTakings(m3) 0
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Agricultural Sum of GWTakings(m3) 19530
Agricultural Sum of SWTakings(m3) 0
Agricultural Sum of SWDiversions(m3) 0
Agricultural Sum of SWGLTakings(m3) 0
Miscellaneous Dams and Reservoirs Sum of GWTakings(m3) 0

Sum of SWTakings(m3) 20460
Sum of SWDiversions(m3) 0
Sum of SWGLTakings(m3) 0

Page 93 of 94

TABLE F.1
PTTW DEMAND
TIER 1 WATER BUDGET AND STRESS ASSESSMENT

UWR Dec Miscellaneous Sum of GWTakings(m3) 0
Miscellaneous Sum of SWTakings(m3) 20460
Miscellaneous Sum of SWDiversions(m3) 0
Miscellaneous Sum of SWGLTakings(m3) 0

Dec Sum of GWTakings(m3) 19530
Dec Sum of SWTakings(m3) 20460
Dec Sum of SWDiversions(m3) 0
Dec Sum of SWGLTakings(m3) 0

UWR Sum of GWTakings(m3) 388873.2
UWR Sum of SWTakings(m3) 396681.12
UWR Sum of SWDiversions(m3) 0
UWR Sum of SWGLTakings(m3) 0
Total Sum of GWTakings(m3) 9847448.14
Total Sum of SWTakings(m3) 9164617.86
Total Sum of SWDiversions(m3) 3534758.415
Total Sum of SWGLTakings(m3) 9636123.585
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1.0 INTRODUCTION

The purpose of this project was to generate estimates for agricultural water use for watersheds in
Ontario. Agricultural water use estimates previously have been generated using the 1991 Census
of Agriculture, for counties (Ecologistics 1993), and using the 1996 Census, for townships and
counties (Kreutzwiser and de Loë 1999; de Loë, et al. 2001). 

The Ontario Ministry of Natural Resources requested that estimates be generated for watersheds
using the 2001 Census of Agriculture. This report summarizes the methodology used to perform
this task, and identifies assumptions and sources of error. The results of the analysis are supplied
separately in a set of ArcView shape files.

2.0 METHODOLOGY

The methodology used to estimate agricultural water use by watershed in Ontario involved two
main steps: 

1. Estimation of agricultural water use in Ontario Consolidated Census Subdivisions
(CCSs), through application of agricultural water use coefficients to Statistics Canada
2001 Agricultural Census data in an Excel spreadsheet. 

2. Overlaying of CCS polygons onto watershed polygons provided by Ontario Ministry of
Natural Resources (MNR) using ArcView 3.1, and aggregating data from the CCS
polygons to the watershed polygons.

The following subsections explain in detail how these two general steps were accomplished. 

2.1 Estimation of Agricultural Water Use

Statistics Canada collects agricultural census data at the same time that it collects data in the
population census. Data from the 2001 census were used in this analysis. These were collected
for May 15th, 2001, and represent the best available overview of agricultural activities in
Ontario. 

Agricultural water use coefficients developed originally by Myslik (1991), refined by
Ecologistics (1993), and refined and updated again by a team at the University of Guelph (see
Kreutzwiser and de Loë 1999; de Loë, et al. 2001) were applied to the 2001 Census of
Agriculture data. These coefficients measure water used for different kinds of crops in five main
sectors: livestock, field crops, fruit crops, vegetable crops, and specialty crops. Crops that are not
included in the analysis are identified below, but these are few, and have low production levels. 

The methodology used in this project is described fully in de Loë, et al. (2001). Thus, in this
section  only modifications and potential sources of concern or error are highlighted.
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Categories in the Data Table

The agricultural water use coefficients used in this project cover all the major sectors and crops
grown in Ontario. Table 1 describes the data submitted with this report. The variables referred to
in the table are the fields in the dBase IV file that accompanies the watershed shape file. 

• All variables expressing estimated agricultural water use are in m3 per year. 
• Estimated agricultural water use is for water applied. 
• Consumption is not shown, but is estimated to be 78 percent of withdrawal.

Tables 2 to 6 show, for each of the five major sectors, the crops included. The columns in the
tables list the names of the crop as identified in the coefficients, and the corresponding Statistics
Canada Census of Agriculture variables used. A technique used to correct for the confidentiality
problem was applied to all data. This technique, and the technique used to calculate area actually
irrigated, is described in the next section. In some sectors, coefficients were not available for
certain crops in the Census, and thus their contribution to estimated agricultural water use is not
included. These crops are identified in Table 7.

Table 1: Agricultural Water Use Estimate Variables 1

• Includes irrigation, herbicide spray, insecticide spray, fungicide spray,
frost protection, sanitation, processing, transportation.

• Fruit crops are grown only during the summer.
• Crops are identified in Table 4
• Many fruit crops are irrigated.

FRUIT

• Includes irrigation, crop spraying, equipment washing, and other minor
uses.

• Field crops are assumed to be grown only during the summer.
• Crops are identified in Table 3
• Some of these are irrigated (tobacco and ginseng)

FIELD

• Water for animal drinking, washing of animals, cooling of animals,
washing barns, washing equipment, and spillage losses.

• Livestock production is assumed to be a year-round agricultural
activity. 

• Crops are identified in Table 2.

LIVESTOCK

• Total number of farms reporting total gross farm receipts greater than
$2,499

• Calculation of total number of farms in each of the categories used in
this project is not possible. While Statistics Canada does report total
number of farms by sector, the sectors do not correspond directly with
those used here.

NUMFARMS
ExplanationVariable

2



1 A detailed overview and evaluation of the Ecologistics coefficients is provided by Ivey (1998), in a
report prepared as part of a project that estimated 1996 agricultural water use (Kreutzwiser and
de Loë 1999).

• Irrigation water for crops grown only in summer (i.e., not including
greenhouses and mushrooms, which are assumed to be grown
year-round)

IRR_SUM

• All water estimated to be irrigation water, i.e., used to support the
growth of plants. This does not include water used in crop spraying,
cooling, equipment washing, etc. 

• Normally, irrigation water is applied only to a portion of the crop. The
portion is calculated in two ways: (1) in most CCSs, only a portion of
the entire area of a crop grown is irrigated (e.g., most field crops) -- and
this varies by CCS (see below); (2) for a few crops, special conditions
apply (e.g., a large proportion of the total area of sod is assumed to be
irrigated, and then an additional amount of irrigation water is applied
before watering)

IRR_ALL

• Crops grown in summer only.SEASONAL

• Sum of LIVESTOCK, FIELD, FRUIT, VEG and SPECIALTYTOTAL

• Specialty crops include crops assumed to be grown only during the
summer (nursery stock and sod), and crops that are assumed to be
grown year-round (greenhouse crops and mushrooms)

• For nurseries and greenhouses, includes irrigation, pesticide spraying,
equipment washing, and other minor uses; for sod, irrigation, pesticide
spraying, equipment washing, and additional amount before harvest;
for mushrooms, a single amount is assumed to cover all uses.

• Crops are identified in Table 6
• All specialty crops are irrigated.

SPECIALTY

• Includes irrigation, crop spraying, harvest water use, equipment
washing, on-farm processing, and other minor uses such as washing or
keeping products moist following harvest

• Vegetable crops are assumed to be grown only during the summer
• Crops are identified in Table 5
• Many vegetable crops are irrigated.

VEG
ExplanationVariable
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Table 2: Livestock

FOXFox
MINKMink
RABBITRabbit
GOATSGoats
HORSESHorses/ponies
LAMBSLambs
EWESEwes
RAMSRams
NURPIG + GRWPIGAll other pigs
SOWSSows and bred gilts
BOARSBoars
MLKCOWDairy Farms
MLKCOWDairy Cows
CALFU1Calves
STEERSSteers
HEIFERHeifers (beef, dairy, slaughter and feed)
BFCOWSBeef Cows
BULLSBulls
OTHPLTOther poultry
TURKEYTurkeys
TCHICKPoultry farms
PULETSChicken Pullets < 19
BROILER All other chickens
LAYHEN Chicken Pullets > 19

Statistics Canada 2001 Census of Agriculture
Variable

Variable Name in Spreadsheet

Table 3: Field Crops

ALFALFAHay: alfalfa and alfalfa mixtures
TOTRYERye
CORNSICorn: for fodder
CORNGRCorn: for grain
MXDGRNMixed grains
BARLEYBarley
OATSOats
WHTSPGSpring Wheat
WHTWINWinter wheat

Statistics Canada 2001 Census of Agriculture
Variable

Variable Name in Spreadsheet
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OFXSFTROther field crops
GINSENGGinseng
FLAXSDFlaxseed
TOBACCOTobacco
Assumed to be included in TOTDRYBDry field beans: faba beans
TOTDRYBDry Field Beans (All)
SOYBNSSoybeans
CANOLACanola (rapeseed)
FORAGEForage seed for seed

OTTAMEHay: all other tame hay and fodder
crops

Statistics Canada 2001 Census of Agriculture
Variable

Variable Name in Spreadsheet

Table 4: Fruit Crops

SASKBTAOther berries (under cultivation and for
harvest)

CRANBTACranberries (under cultivation and for
harvest)

BLUEBTABlueberries (under cultivation and for
harvest)

GRAPETAGrapes (under cultivation and for
harvest)

RASPBTARaspberries (under cultivation and for
harvest)

(derived from STRWBTA)Strawberries: nursery

STRWBTAStrawberries (under cultivation and for
harvest)

OTFRTTAOther tree fruits and nuts
APCTTAApricots
PECHTAPeaches
SRCHTA + SWCHTACherries (sweet and sour)
PLUMTAPlums and prunes
PEARTAPears
APPLETAApples

Statistics Canada 2001 Census of Agriculture
Variable

Variable Name in Spreadsheet
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Table 5: Vegetable Crops

SQPUMPSquash, zucchini and pumpkins

ASPNPRD + ASPPRODAsparagus (producing and
non-producing)

RHBARBRhubarb
OTHVEGOther vegetables
PEPPERPeppers
SPNACHSpinach
LETUCELettuce
CELERYCelery
SHALOTGreen onions and shallots
ONIONSDry onions
RADISHRadishes
BEETSBeets
RTBAGARutabagas (turnips)
CARROTCarrots
BRSPRTBrussel sprouts
BROCLIBroccoli
CLFLWRCauliflower
CHINCABGChinese cabbage
POTATSPotatoes
CABAGECabbage
BEANSGreen and wax beans
GRPEASGreen peas
CUCUMBCucumbers and gherkins
TOMATOTomatoes
SWCORNSweet corn

Statistics Canada 2001 Census of Agriculture
Variable

Variable Name in Spreadsheet

Table 6: Specialty Crops

MUSHRMMushrooms
GRNOTHEROther greenhouse products
GRNVEGGreenhouse vegetables
FLOWERGreenhouse flowers
SODSod
NURSERYNursery products

Statistics Canada 2001 Census of
Agriculture Variable

Variable Name in Spreadsheet
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Table 7: Crops Not Included in the Estimates

• Durum wheat (0 farms, 0 ha)
• Buckwheat (2,404 ha)
• Mustard seed (2 farms and 0 ha)
• Sunflowers (449 ha)
• Safflower (1 farm, 0 ha)
• Dry field peas (1265 ha)
• Lentils (2 farms, 0 ha)
• Sugar beets (85 farms, 2,431 ha)
• Canary seed (5 farms, 28 ha)
• Caraway seed (0 farms, 0 ha)
• Triticale (339 ha)

Field Crops

• Wild boars
• Bison (buffalo)
• Deer (excluding wild deer)
• Elk
• Llamas and alpacas
• Colonies of bees

Livestock
CropSector

Calculation of Irrigation Water Use

Irrigation represents a major portion of agricultural water use. Unfortunately, Statistics Canada
only reports total irrigated area for all crops. Data on irrigation are gathered through Census
Question 105, which states “Report the area of land on which each of the following inputs was
used on this operation in 2000: ... Irrigation (application of water)”. 

The data provided by Statistics Canada on irrigated area cannot be used to calculate agricultural
water use because irrigation needs of different crops vary, and thus the coefficients require the
specific area irrigated by crop. In its 1993 spreadsheets, Ecologistics Limited provided data on
the area actually irrigated along with total area for irrigable crops in counties. The source of
these data is unknown, and comparable data were not identified for 2001. Nevertheless, they are
the only known source for areas by crop actually irrigated. 

As was the case in the estimates for 1996 (de Loë, et al. 2001), the fraction of area irrigated in
1991 was applied to the 2001 census data to generate the area irrigated in 2001. This permits the
area irrigated for each crop to increase or decrease as a function as the total area of the crop
changes. However, it requires accepting that the proportion of crops irrigated did not change
between 1991 and 2001. This assumption is not outlandish because the need for irrigation is
based on the needs of the crop, and factors such as the soil type in the region. Unfortunately, it is
also a function of moisture received from precipitation, which can be quite variable.

To test whether or not this technique at least results in an appropriate amount of irrigated land,
the total area irrigated calculated in the spreadsheet for 2001 was compared to the area reported
irrigated in the Census. The 2001 Census reported that in 2000 (the year for which data were
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collected), 49,271 ha of land were irrigated in all of Ontario. The sum of irrigated areas by crop
in Ontario for 2001 (derived in this project) was 48,233 ha -- almost 98 percent of the total
reported by Statistics Canada. While the two values are very close, suggesting that the technique
used is valid, it should be remembered that there is considerable room for variability within
individual CCSs and within crop sectors. Also, the area irrigated calculated in this project
(48,233 ha) does not include the area of greenhouses, but does include mushrooms. It is unclear
from the Census form whether or not farmers were meant to include irrigation water applied to
specialty crops such as nursery stock and greenhouse fruits and vegetables.

The Confidentiality Problem and Missing Water at the CCS Level

A major problem inherent to the procedure used occurs because of Statistics Canada's
confidentiality rules. Statistics Canada collects and reports agricultural census data for four
levels of reporting units: Consolidated Census Subdivisions (CCSs), Census Divisions (CDs),
Census Agricultural Regions (CARs), and provinces. CCSs are comparable to "townships" or
local municipalities. CDs are equivalent to counties or (in Ontario) regional municipalities.
CARs are large regions (e.g., southwestern Ontario).  

When the number of farms in a reporting unit is low, SC reports the number of farms, but masks
the data for that reporting unit to preserve confidentiality. Unfortunately, the rationale is not
always transparent. Data are never reported when the number of farms is 0, 1 or 2. However,
sometimes for CCSs with 3 or more farms, data for a crop are reported, while in other cases (for
the same crop) they are not. In one instance noted in the data, a CCS with 16 farms had the area
of the crop suppressed for confidentiality. A few cases were identified where the area of the crop
was suppressed at the CD level, but not for the CCSs within that CD. 

The impact of this rule is felt most severely at the CCS level (the smallest reporting unit). It
tends to diminish at the level of Census Divisions (CDs) and Census Agricultural Regions
(CARs). For provincial-level estimates, the problem is insignificant. Only a few cases were
identified where the number of farms at the provincial scale growing the crop was small enough
to cause the confidentiality rule to be applied. An example is Mustard Seeds, where only 2 farms
were reported growing this crop in all of Ontario.

In this analysis, all of the cases where the confidentiality rule was applied were assigned the
value of 0. When not corrected, this results in significant underreporting of agricultural water use
at the CCS level. For example, de Loë, et al. (2001) calculated that for all crops, the sum of all
uncorrected township-level estimates was 79 percent of the provincial-level estimate. 

The aim in this project was to assign data to watersheds, and the most appropriate Statistics
Canada reporting unit for that purpose is the CCS, which has the finest resolution, but the highest
level of error. To overcome this problem, the following solution was devised. 

• For each of the five major sectors (livestock, fruit crops, etc.), each CD estimate was
compared to the sum of the CCS estimates for the respective CDs. In most cases, the CD
estimate was higher than the sum of CCS estimates, because of the confidentiality rule. In
some cases, it was the same, and in a very few cases, the sum of the CCS estimates was
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higher than the CD estimate because Statistics Canada failed to apply its confidentiality rule
properly (it was applied for the CD, but not for the CCSs in the CD).

• The difference between the CD estimate and the sum of CCS estimates is "missing" water
when CCS-level data are overlayed onto watersheds. To correct this problem, the difference
(the missing water) was assigned to each of the CCSs in the CD, based on the proportion of
water use in each CCS. This is illustrated in the example shown in Table 8. 

Table 8: Livestock Sector Estimate for Niagara Regional Municipality 

4,9224,046Grimsby - (CCS)
71,67858,929Lincoln - (CCS)

00St. Catharines - (CCS)
74,04460,874Niagara-on-the-Lake - (CCS)
48,41739,805Niagara Falls - (CCS)
18,96115,588Thorold - (CCS)

529435Welland - (CCS)
68,83056,587Pelham - (CCS)

631,163518,900West Lincoln - (CCS)
164,826135,509Wainfleet - (CCS)
55,88545,945Port Colborne - (CCS)
40,02332,904Fort Erie - (CCS)

1,179,2771,179,277Niagara Regional Municipality - (CD)

Corrected
Estimate  (m3)

Uncorrected
Estimate (m3)

Reporting Unit

In the uncorrected estimate column, water use for livestock in Niagara Regional Municipality
CD is estimated to be 1,179,277 m3. However, the sum of the CCS estimates within the CD is
only 969,522 m3. The difference -- 209,755 m3 -- is water that would be missing in the
watershed-level estimate derived from overlaying the uncorrected CCS layer with the watershed
layer. Thus, in the corrected estimate column, the missing water has been assigned to the CCSs
in proportion to their uncorrected estimated water use. For instance, the uncorrected Fort Erie
CCS estimated of 32,904 m3 represents 3.39 percent of the total uncorrected CCS-level estimated
water use for the entire CD. That percentage of the missing water (3.39 percent of 209,755 m3, or
7,119 m3) was assigned to Fort Erie CCS, bringing its corrected estimate to 40,023 m3.

While this technique captures all of the missing water use at the CD level, it creates a potential
error in that CCSs with larger amounts of uncorrected water use are likely to receive more than
their share of the missing water, while those with the least are likely to receive less. This occurs
because the missing water probably is missing from the CCSs with the least production -- where
the confidentiality rule would have had the most impact. Additionally, as shown in the table,
CCSs such as St. Catharines, which have 0 uncorrected water, will not receive any of the missing
water. This is probably appropriate in the case of St. Catharines, which is unlikely to have much
livestock production. On balance, the errors created from this procedure are judged to be less
problematic than the missing water problem.
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While this technique partly solves the missing water problem, it does not do so entirely. In their
estimates using the 1996 Census of Agriculture, de Loë, et al. (2001) calculated that total
provincial water derived by summing county-level estimates was still only 96 percent of total
provincial water use calculated using the provincial-level Census of Agriculture data. Thus, it is
likely that for the 2001 estimates created in this project, some missing water remains. One
solution would be to use the same technique to assign water from Census Agriculture Regions
(CARs) to their respective CDs. Unfortunately, this would not be appropriate because of the size
of CARs, and was not done here.

A special case of the missing water problem exists in CCSs that had very low numbers of farms
of any kind. (The cutoff appears to have been fewer than 13 farms in the CCS, as that is the
smallest number reported in the Census data.) For the CCSs shown in Table 9, which fell below
the cutoff point for inclusion in the Census of Agriculture database, Statistics Canada assigned
all agricultural activities to adjoining CCSs. To complete the data table that would be joined to
the Cartographic Boundary File (the spatial data), records were created for these CCSs in the
spreadsheet. However, values of 0 were assigned for each of the five crop sectors (livestock, fruit
crop, etc.). 

Agricultural water use in these CCSs is accounted for in the estimates generated in this project,
as their production has been added to adjoining CCSs. However, an error is created because the
water use has been spatially shifted, and may well end up in the wrong watershed. Because the
amount of water use will be quite small in such cases, the problem is not considered serious.
Indeed, the problem is less serious than the spatial shift that occurs from assuming uniform water
use in CCSs and overlaying them with watershed polygons. (This problem is described in detail
in Section 2.2).

Table 9: CCSs Missing from the Census of Agriculture Database, and Added to the
Spreadsheet With Null Values

Wasaga Beach 3543064
Barrie 3543042
Walpole Island 46 3538004
Pelee 3537001
Waterloo 3530016
Toronto 3520005
Newmarket 3519048
Aurora 3519046
Ajax 3518005
North Kawartha 3515037
Peterborough 3515014
Wollaston 3512054
Limerick 3512051
Tudor and Cashel 3512048
Cornwall 3501012
CCS NameCensus Code
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Six Nations (Part) 40 3529020
Windsor 3537039
Lake of the Woods 3559047
Conmee 3558019
Garden River 14 3557074
Tarbutt and Tarbutt Additional 3557014
Hilton 3557004
Jocelyn 3557001
Timiskaming, Unorganized, East Part 3554091
McGarry 3554058
Sudbury, Unorganized, North Part 3552093
Killarney 3551036
Billings 3551021
Parry Sound, Unorganized, North East Part 3549095
North Himsworth 3549066
Joly 3549051
McDougall 3549031
Kearney 3549018
McMurrich/Monteith 3549012
The Archipelago 3549005
Nipissing, Unorganized, North Part 3548094
Nipissing, Unorganized, South Part 3548091
Mattawa 3548019
Papineau-Cameron 3548013
Head, Clara and Maria 3547098
Petawawa 3547076
Sherborne, Stanhope, McClintock, Livingstone, Lawrence and Nightingale 3546018
Highlands East 3546005
Georgian Bay 3544065
Lake of Bays 3544027
CCS NameCensus Code

A final kind of error inherent to the Census of Agriculture is that the Census form asks people at
their domiciles to inventory their lands and production -- whether or not that production takes
place in the CCS containing their domicile. Thus, if a farmer lives in CCS “A” but has most of
her land in CCS “B”, the production that takes place in “B” is assigned to “A”. This creates
another kind of spatial shift error in agricultural water use. Unfortunately, the magnitude of this
error could not be measured in this project, and it could not be corrected. 
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2.2 Estimation of Water Use by Watershed

Statistics Canada supplies Cartographic Boundary Files to licensed users of its data. (For this
reason the CCS layer was not supplied to the MNR as part of this project.) 

Cartographic Boundary Files for CCSs  in the ArcView shape file format were used. Several
preliminary manipulations were performed:

• The projection of the CCS shape files was matched to the projection of the watershed
boundary files supplied by MNR. 

• The CCS layer incorporates hydrology (rivers, lakes, etc.) as polygons. These were deleted. 

• Additionally, records for the same CCS were consolidated prior to joining the table for
estimated agricultural water use. In this way, there was one record for each CCS, regardless
of the number of distinct polygons that comprised the CCS.

The MNR’s watershed boundary file also was consolidated in this fashion. Some of the
watersheds had thousands (over 8,000 in one case) of individual polygons. These were dissolved
by quaternary watershed ID field to create one record for each watershed. 

Figures referred to in Section 2.2 are included with this report as separate JPG
image files.

Visual inspection of the two layers together shows good general correspondence (Figure 1).
However, the MNR watershed layer is much more detailed. This is illustrated in Figures 2 and 3.

Minor under or over estimation of agricultural water use by watershed occurs due to the slivers
that result from overlaying the two layers. For example, in Figure 2, part of the polygon for the
Bruce Peninsula in the watershed layer (shown in blue) is mismatched relative to the CCS layer
(which is shown in red). Thus, some of the agricultural water use in the CCS will not be assigned
to the watershed. In Figure 3 (part of the eastern portion of Georgian Bay), the problem is much
worse, partly because of the level of detail of the watershed layer. While a systematic evaluation
of the magnitude of the error was not performed, it is likely that it will be relatively small
because of the otherwise good correspondence between the two layers.

The approach used to aggregate data from CCSs to watersheds was a straightforward polygon
overlay using the “Two Themes” extension to ArcView, which permits aggregation of attribute
data from one polygon to another during the overlay process. Thus, the estimated agricultural
water use in a watershed is a function of the proportion of estimated water use within all the
CCSs that the watershed covers. It is for this reason that hydrology was deleted from the CCS
layer. This is illustrated in Figures 4 and 5/

In Figure 4, agricultural water use by CCS is shown for the area surrounding Lake Simcoe.
Islands in the lake are part of the two CCSs to the south and southeast of the lake. Watershed
boundaries from the MNR watershed layer are shown in gray. In Figure 5, agricultural water use
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by watershed is shown. This time, CCS boundaries are marked in gray (including the islands in
Lake Simcoe). 

These two figures illustrate both the way in which the overlay took place, and the problems that
result in such cases. Note how Lake Simcoe, in the MNR watershed layer, is considered a
“watershed” (2EC-19) by MNR. The overlay procedure assigned 256,748 m3 of agricultural
water use to this "watershed" because of the islands, and because of the small amount of
agricultural water use that occurs in adjoining CCSs that are not perfectly aligned with the
watershed boundary (as shown in Figure 6, a portion of the western edge of the lake).

There may well be agricultural activity on the islands in Lake Simcoe, making it appropriate to
assign data from the islands to the Lake Simcoe "watershed" polygon. However, it would be
quite inappropriate to perform an area-based calculations on that watershed, for instance,
generating choropleth maps that are normalized by the area of the polygon. As long as no
area-based calculations are generated from the agricultural water use by watersheds estimates
supplied, this problem will be relatively minor. 

The shape and relative position of watersheds produces another kind of error. In Figure 7, the
area highlighted in yellow is "Nipissing, Unorganized, South" (Algonquin Park). There is no
agricultural production in this polygon. However, the CCSs immediately to the east of the park
have a small amount of agricultural production.

In Figure 8, watershed 2KB-01 has been selected (shown in yellow) to highlight the spatial
mismatch problem associated with the shape of the watershed polygons. (The polygon
highlighted in Figure 7 is shown in gray.) Most of the watershed is in the Nipissing/Algonquin
polygon, where there is no agricultural production. Nevertheless, the entire watershed has been
assigned the agricultural production associated with the CCSs to the east, which do have a small
amount of agriculture, and which are covered by a portion of the watershed. 

The problem highlighted in Figures 7 and 8 is relatively minor because the quantity of water
involved is small. However, it emphasizes the fact that the assumption of uniform agricultural
water use across CCSs is problematic. This is especially evident in cases where the CCS is very
large and the watersheds are numerous and small. This is mainly a problem in northern Ontario,
as illustrated in Figure 9. In this image, which shows a portion of the Lake Superior shoreline
near Thunder Bay, with the CCS "Thunder Bay, Unorganized" highlighted in yellow. The many
watersheds contained within the CCS have all been allocated a proportion of the small amount of
agricultural production that takes place within the highlighted CCS (19,768 m3 per year),
because the overlay procedure assumes that agriculture is evenly distributed within the CCS. In
fact, it is more likely that agricultural production takes place in the portion of "Thunder Bay,
Unorganized" that is adjacent to the City of Thunder Bay (the polygon immediately to the east of
the darker red polygon in Figure 9). 
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TABLE G.1
CROP WATER USE - DE LOE METHODOLOGY
TIER 1 WATER BUDGET AND STRESS ASSESSMENT

Year WSPA Field Crops Fruit Crops Vegetable Crops Specialty Crops Total Water Use Total Crop Water Use Irrigation All Summer Only
1991 BDSC 136 38,923 919 76,620 133,194 116,598 109,016 58,541
1996 BDSC 218 47,352 605 227,247 281,137 275,422 264,602 150,229
2001 BDSC 287 36,683 111 187,987 235,873 225,067 220,613 45,828
2006 BDSC 146 32,815 152 123,610 164,319 156,723 151,728 34,545
1991 BFC 1,453 78,042 8,824 60,023 276,373 148,342 124,461 81,861
1996 BFC 2,214 30,011 10,615 100,491 286,145 143,330 128,694 41,197
2001 BFC 2,666 12,459 10,375 182,646 330,695 208,146 199,685 58,222
2006 BFC 2,796 19,700 9,250 292,637 453,113 324,384 315,620 66,068
1991 CWR 1,988 84,636 4,726 249,805 600,729 341,155 310,599 207,903
1996 CWR 2,356 58,322 4,657 351,157 682,632 416,492 387,748 253,783
2001 CWR 2,826 44,549 3,437 376,121 665,719 426,933 404,158 222,904
2006 CWR 2,836 58,395 5,509 449,261 769,021 516,002 494,114 228,630
1991 FEC 587 54,192 747 51,283 170,398 106,809 103,097 68,355
1996 FEC 407 7,564 1,570 51,019 108,306 60,560 56,702 29,473
2001 FEC 898 1,611 684 37,572 88,770 40,764 38,503 5,477
2006 FEC 686 8,806 2,258 22,336 71,058 34,086 30,827 14,538
1991 FSEM 712 501,167 7,573 550,676 1,189,275 1,060,129 973,934 669,306
1996 FSEM 685 438,771 5,437 844,926 1,387,680 1,289,819 1,194,544 563,271
2001 FSEM 1,050 476,771 6,416 1,101,201 1,688,858 1,585,438 1,499,874 686,310
2006 FSEM 636 413,902 4,473 1,223,138 1,884,392 1,642,149 1,585,148 649,017
1991 GR 300 65,418 232 271,102 411,419 337,051 306,619 50,969
1996 GR 311 39,667 434 225,573 342,723 265,985 247,579 32,008
2001 GR 600 44,606 295 247,163 364,587 292,664 268,878 33,380
2006 GR 491 72,284 2,261 242,281 371,792 317,317 286,495 57,408
1991 LENS 418 31,851 33,135 35,699 151,629 101,102 94,150 82,887
1996 LENS 499 15,007 39,879 39,694 133,491 95,079 90,986 71,463
2001 LENS 715 4,733 42,184 21,818 107,905 69,449 67,681 50,907
2006 LENS 979 1,674 42,504 60,765 131,644 105,922 103,538 67,240
1991 LIN 169 719,671 6,066 360,195 1,177,907 1,086,101 952,248 639,632
1996 LIN 245 693,442 5,571 589,432 1,387,398 1,288,690 1,150,427 605,310
2001 LIN 323 548,999 1,882 987,913 1,625,646 1,539,117 1,439,285 503,309
2006 LIN 424 620,464 5,349 1,037,394 1,708,919 1,663,631 1,579,136 685,710
1991 LWR 57 37,044 695 47,425 92,837 85,221 78,668 47,587
1996 LWR 122 31,188 1,012 76,281 113,092 108,603 103,178 68,476
2001 LWR 119 24,468 42 86,816 116,024 111,445 108,510 67,159
2006 LWR 187 106,730 293 47,906 160,160 155,116 151,271 125,861
1991 NOTL 271 1,631,372 4,281 1,100,919 2,827,016 2,736,842 2,608,154 2,164,031
1996 NOTL 392 1,556,252 10,098 1,306,106 2,971,877 2,872,848 2,736,317 2,092,635
2001 NOTL 311 1,285,719 2,695 1,100,281 2,461,556 2,389,005 2,328,907 1,593,640
2006 NOTL 210 1,354,557 9,057 1,445,395 2,861,265 2,809,219 2,743,677 1,693,388
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TABLE G.1
CROP WATER USE - DE LOE METHODOLOGY
TIER 1 WATER BUDGET AND STRESS ASSESSMENT

Year WSPA Field Crops Fruit Crops Vegetable Crops Specialty Crops Total Water Use Total Crop Water Use Irrigation All Summer Only

1991 SNF 415 6,813 1,290 14,328 87,304 22,846 16,694 15,357
1996 SNF 305 6,286 1,778 40,209 101,432 48,578 41,646 37,983
2001 SNF 766 1,995 209 24,848 68,726 27,818 25,083 20,655
2006 SNF 644 3,785 996 25,351 63,018 30,777 27,417 14,813
1991 TWEL 363 149,843 6,362 200,557 398,944 357,125 307,429 228,512
1996 TWEL 525 143,316 5,687 384,974 569,275 534,502 487,818 321,828
2001 TWEL 768 116,219 2,978 461,957 610,028 581,923 548,752 330,168
2006 TWEL 728 103,512 3,269 689,262 822,518 796,770 770,899 311,435
1991 TWEN 2,514 277,486 2,979 302,387 1,059,333 585,366 486,450 343,274
1996 TWEN 2,501 225,125 3,584 263,261 870,667 494,471 406,906 215,833
2001 TWEN 2,828 173,043 1,562 365,748 851,447 543,181 486,069 241,227
2006 TWEN 3,748 177,439 4,245 536,607 1,098,126 722,039 667,974 207,459
1991 UWR 3,976 41,472 4,265 399,374 825,409 449,088 417,128 315,286
1996 UWR 5,022 31,857 5,546 268,601 696,926 311,026 285,903 134,003
2001 UWR 5,833 34,739 4,967 467,749 876,937 513,289 490,453 204,707
2006 UWR 5,108 22,883 3,473 623,334 1,025,418 654,797 635,390 265,098
1991 NFU 4 2,365 44 3,027 5,926 5,440 5,021 3,037
1996 NFU 8 1,991 65 4,869 7,219 6,932 6,586 4,371
2001 NFU 8 1,562 3 5,541 7,406 7,114 6,926 4,287
2006 NFU 12 6,813 19 3,058 10,223 9,901 9,656 8,034

Note: No agricultural demand identified for SCU
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