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1. INTRODUCTION

A requirement of the Source Water Protection Program is to develop water budgets at different scales for each
watershed in Ontario. Intera recently completed the Tier 1 Water Budget for the entire Raisin-South Nation Source
Protecting Region (/ntera, 2010). The report concluded that a number of watersheds are moderately and
significantly stressed in the Raisin-South Nation Source Protection Region (Figure 1). Based on the study,
Subwatershed #7. within the Garry River watershed, is stressed and has a surface water intake and, as a result,
should be evaluated at a Tier 2 assessment level. The Alexandria surface water intake is located in Mill Pond of the
Garry River watershed.

Figure 1.  Tier 1 Surface Water Stress Assessment (Intera , 2010)
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The Tier 2 rules require building a continuous surface water model and detailed reporting of the approach used to
estimate water supply, demand and reserve. HSPF was the chosen surface water model because it was already
developed for the Delisle River basin, and it is also a widely used watershed model in North America. HSPF is a
semi-distributed model in which a watershed is subdivided into catchments with homogeneous properties and model
parameters are allowed to vary spatially. HSPF is a part of the software system Better Assessment Science
Integrating Point and Nonpoint Sources (BASINS), which is commonly used to develop Total Maximum Daily
Loads (TMDL). The most recent version of HSPF (12.0) was used in the current study. Detailed documentation and
model description are available from Bicknell et al. (2001).

To run the model properly, HSPF requires a large amount of data including topography, land use, soil data,
hydrological characteristics, and detailed meteorological datasets. Acquisition, reformatting, and management of
input time series consume most of the time in model application. In addition, the model has a wealth of empirical
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calibration parameters that must be determined from handbooks, field measurements and by calibration.

Model calibration is a critical step in its development and application. Parameter values need to be adjusted to
reproduce the simulated watershed response as closely as possible to the observed data. The nonlinear parameter
estimation tool (PEST) with Shuffled Complex Evolution method developed at the University of Arizona (SCE-UA)
was used for HSPF calibration in the current study.

The existing HSPF model (Dillon, 2008) with available hydraulic, hydrological, meteorological and land use data
for the Delisle River was used. The model was further refined and the following components were added in the Tier
2 work:

e Delisle River was subdivided into 16 catchments, 12 of which were in the Garry River where intake is
located.

e Landuse data were coupled with soil type data. The Tier 1 modelling took into account 5 landuses, while the
current Tier 2 modelling has 11 Hydrological Response Units (landuses coupled with the hydrological soils
groups) doubling the number of parameters to be calibrated.

e In order to improve calibration the Stage-Discharge-Storage relationships for Loch Garry, Middle Lake and
Mill Pond were added to HSPF. The data were taken from the Operational Manual for the Garry River
System (RRCA, 1995).

e An additional 11 Garry River cross-sections were imported from the existing HEC-RAS model provided by
RRCA and incorporated into HSPF.

The existing HSPF model was built for a period of 1990-2004. In order to be consistent with the previous studies
no additional meteorological data were collected in this project as 15 years of observations are sufficient for the
study objectives.

The following assumptions and limitations underlie the current study:

1. Storage changes in Mill Pond, Middle Lake and Loch Garry were not included in the model because the current
provisions of the Technical Rules. The storage is to be incorporated in the Tier 3 Water Budget analysis. This
approach was confirmed with MNR and peer reviewers. No deep groundwater recharge was incorporated into the
model as it was deemed to be insignificant based on the Conceptual Model and Tier 1 results.

2. The modelling was performed for meteorological data between 1990 and 2004, and it is assumed that the land use
data provided by the Agriculture and Agri-Food Canada (AAFC) and soil type data provided by SNC are
representative of these years. The supply, demand and reserve terms of the water budget are reported as average for
the study period.

3. As a mathematical model, HSPF has intrinsic limitations and assumptions. Some of them are listed below:

e Certain model input (topography, cross-sections, land use, etc.) are assumed to be constant over the entire
period of modelling, and other inputs vary in time but are assumed to be uniform in space (e.g., air
temperature and other meteorological characteristics).

e The subsurface budget in HSPF is modelled in two-layers, which can interact with the surface through
plants or interflow. The aquifer is not modelled but treated as a sink of water.

e The receiving watercourse for each catchment is modeled as completely (longitudinally, laterally, and
vertically) mixed.
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2. DATA COLLECTION
2.1  Study area

The Delisle River watershed located in Eastern Ontario was the study area for the project. The watershed was
subdivided into 16 catchments (Figure 2). The method used to create the subdivisions was based on available
hydrological gauges, similarity in topography and soils and location of lakes in the watershed. The catchment area,
minimum, maximum and mean elevations for the 16 studied catchments are presented in Table 1. The Garry River
watershed is relatively flat with and elevation difference is about 26 metres (Figure 3).

Table 1. Catchments Characteristics
MIN MAX RANGE | MEAN
ID Area, | Elevation, | Elevation, | Elevation, | Elevation, | Stand.
sub. | Name km’ | m m m m Dev.
1 Garry River at Loch Garry inflow 1.65 | 88.22 101.95 13.73 94.72 4.10
2 Garry River at Loch Garry outflow 11.75 | 87.93 104.01 16.08 92.64 440
3 Garry River at Loch Garry Dam 4.15 | 87.25 101.94 14.69 91.25 3.68
4 Garry River at Middle Lake inflow 4.85 | 87.29 101.12 13.83 91.66 3.19
5 Garry River at Middle Lake 3.90 | 86.97 101.10 14.13 91.33 3.32
6 Garry River at Middle Lake outflow 142 | 86.36 96.76 10.40 90.08 2.36
7 West Trib. at inflow to Mill Pond 2.70 | 81.66 96.46 14.80 85.96 3.19
8 Garry River at inflow to Mill Pond 0.65 | 81.13 90.96 9.83 84.05 2.08
9 Garry River at bridge 2.33 | 81.07 100.16 19.09 88.72 4.18
10 | Mill Pond outflow 0.94 | 79.57 91.00 11.43 84.18 242
11 | Delisle River at Glen Norman, 02MC036 | 31.87 | 66.26 104.26 38.00 79.42 6.79
12 | Delisle River at Alexandria, 02MC028 17.81 | 71.84 106.53 34.69 88.44 7.21
Delisle River confluence with Garry
13 | River 8.50 | 68.88 99.94 31.07 83.09 6.41
Garry River confluence with Delisle
14 | River 1.32 ] 69.73 90.28 20.55 80.19 3.53
15 | Delisle River at Dornie 66.21 | 81.77 124.72 42.95 103.89 8.55
16 | Delisle River at Quebec border 70.51 | 60.68 102.90 42.22 77.78 7.98
Crmnne Page 3
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Figure 2.  Study catchments of the Delisle River
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Figure 3.  Digital Elevation Model of the Garry River watershed
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Each stream segment (or reach) was chosen to be short enough to reduce numerical dispersion and accurately
represent water balance components, yet long enough that the residence time in every reach exceeds the simulation
time step. Each catchment was assumed homogeneous in hydrologic and hydraulic response. The catchments were
further subdivided into 7 landuses (agriculture, forest, urban, rock, shrubs, water and wetlands) and 3 Hydrological
Soil Groups (A, B and D). The Hydrological Soil Groups (HSG) are classified based on the soil’s runoff potential
by the US Natural Resource Conservation Service. Details of this classification can be found in “Urban Hydrology
for Small Watersheds” (USDA, 1986). For the purpose of this study Soil Group A was represented by sand, loamy
sand and sandy loam. This group has low runoff potential and high infiltration rates. Soil Group B consists of silt
loam and loam with a moderate infiltration rate. In order to simplify the model Soil Group C was omitted in this
study and split between Group B and Group D. Soil Group D soils are clay, clay loam, silty clay, loam, sandy clay
and silty clay. This HSG has the highest runoff potential and very low infiltration rates. The landuses and soils
groups were combined into 11 Hydrological Reponses Units (HRU) presented in Table 2. Hydrological Response
Units in the Garry River Watershed are shown on Figure 4.

Table 2. Hydrological Response Units for the Delisle River Watershed
HSG Class A HSG Class B HSG Class D

Agriculture AGCa AGCb AGCd
Forest FORa FORb FORd

Urban URBN URBN URBN

Rock ROCK ROCK ROCK
Schrubs and unclassified SCHR SCHR SCHR

Water WATR WATR WATR
Wetlands WETL WETL WETL

Figure 4.  Hydrological Response Units in the Garry River Watershed
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Forested land is the primary landuse category representing 62% of the Garry River watershed. Water is the next
major category covering 15% of the area. Approximately 11% of the study area is categorized as agricultural land
use (primarily hay, corn, and soybean crops). Urban territory, mostly around Alexandria, occupies approximately
6.5%. Wetlands, shrubs and rocks represent only minor landuse components. A summary of HRU distribution can
be found in Table 3.

Table 3. Percent of HRUs for the Studied Catchment
ID
subwater. | AGCa AGCb AGCd FORa FORb FORd URBN ROCK SCHR WATR WETL
1 8.9 4.1 7.3 5.5 8.6 2.4 0.1 4.4 8.0 0.0 12.2
2 23.6 27.5 23.7 40.1 340 285 17.8 13.3 26.4 72.3 16.6
3 10.5 32 0.8 17.6 13.7 142 20 0.0 11.6 2.1 25.1
4 5.6 11.0 19.1 11.6 14.8 19.2 11.8 2.2 23.9 33 22.2
5 18.0 5.7 5.6 15.5 10.7 15.3 13.7 0.0 13.0 8.4 8.3
6 0.0 10.6 0.3 0.0 2.7 2.3 4.1 2.2 0.7 9.1 1.0
7 0.0 19.3 20.2 0.0 6.0 10.2 10.3 13.3 10.9 0.0 7.6
8 7.2 0.8 8.3 2.9 0.4 1.6 12.3 4.4 0.7 0.1 3.8
9 26.2 14.8 7.0 6.7 8.5 53 11.2 13.3 4.0 0.0 3.0
10 0.0 3.0 7.8 0.0 0.5 1.1 16.7 46.7 0.7 4.7 0.3
Total 100 100 100 100 100 100 100 100 100 100 100

2.2 Garry River Dam System

The Alexandria Intake is located on the Garry River which is a tributary of the Delisle River. The Garry River
watershed is about 34 km?; it has three lakes with dams. The dams regulate water levels and flows for flood control
and water supply in the Garry River system. During the spring freshet stoplogs are removed and replaced in summer
time to maintain the lakes at their normal operating levels. The dam profiles and operational characteristics are
presented in Appendix A.

Loch Garry Lake is the largest Garry River Lake with an area of 3.75 km”. Loch Garry is shallow and situated in a
swampy, organic soil area. The lake varies approximately between 1 and 5 metres in depth and drains through a
swampy river into Middle Lake. Prior to the construction of the Loch Garry Dam in 1967, Loch Garry existed nearly
in its present form. The dam raised the water level only by approximately 0.6 m above its natural state, and was
constructed to improve the Alexandria water supply. In 1984 the Lock Garry dam was reconstructed and raised to
protect against overtopping and to obtain additional water supply storage (RRCA, 1995).

Kenyon (Middle) Lake has an area of 0.91 km?. It is a shallow (1 to 1.5 m deep) lake which was formed after
construction of the Kenyon Dam. Approximately 2/3 of this lake is bulrush marsh. The Kenyon Dam was originally
constructed prior to 1936, and then raised in 1982 (RRCA, 1995).

Alexandria (Mill Pond) Lake has an area of 0.26 km®. It was created in 1819 for the purposed of water supply and

dam structure was reconstructed in 1981. The lake is small, shallow (depth is less than 1.5 m) and weedy. The lake
has an extensive marsh at the west end (RRCA4, 1995).

2.3 Data Acquisition and Processing

Extensive meteorological data for the study period of 1990-2004 were collected to set up the model. Hourly data
included precipitation, air temperature, wind speed, solar radiation, and dewpoint temperature. Data from three

Page 7
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meteorological stations were used in the study (see Table 4). The primary meteorological station used in this study
was Cornwall. The data gaps were supplemented by the Ottawa and Massena meteorological stations.

Table 4. Location and Elevation of the Meteorological Stations
Station Name Station ID North, DD | West, DD Elev, m
Ottawa Airport ON 6106000 45.32 -75.67 114
Cornwall, ON 6101874 45.02 -74.75 64
Massena, NY NY305134 | 44.95 -74.85 65

A land use raster data with 30 m resolution was provided by AAFC (2003), and the aforementioned land use
categories were identified. A provincial Digital Elevation Model (DEM) layer with 10 m resolution was used for
catchment delineation and to estimate watershed characteristics. Soil data in GIS format were provided by South
Nation Conservation. Cross-section data were imported from the existing HEC-RAS model provided by RRCA.
Additional base data in GIS shapefile format (streams, roads, towns, tile drainage) were also provided by RRCA and
SNC.

HYDAT data were used to obtain flows and water levels in the Delisle River. A summary of available data is
presented in Table 5. Data from Station 02MC036 were used to calibrate the model. The model was then run for the
years 1990-2004 in order to generate average monthly flow in the Mill Pond.

Table 5. Available Water Flow and Water Level Data

Station Name Characteristic Years

02MC028 Delisle River at Alexandria Flows 1985-1998 and 2006-2007
Water levels 2006-2007

02MCO036 Delisle River near Glen Norman Flow and water levels 2003-2007

02MC037 Garry River near Alexandria Water levels 2006-2008

3. METHODOLOGY

3.1  Optimization Methods

The nonlinear Parameter Estimation Tool (PEST) with its SCE-UA subroutine was used throughout the study. The
SCE-UA method is a global optimization method developed by Duan et al. (1992) at the University of Arizona
specifically for calibration of watershed models. The SCE-UA method is based on synthesis of genetic algorithms,
simplex downhill search, control random search method, and complex shuffling. The procedure for the SCE-UA
method consists of the following steps:

e Sample § parameter sets with random values and compute the objective function for each parameter set.
Rank the sets in order of increasing objective function.

e Partition s parameter sets into p complexes, with 71 points in each. The first complex contains p X (k— 1)
+ [ ranked parameter sets, the second complex contains p X (k — 1) + 2 sets and so on, where k= 1, 2,
3...,m.

e Each complex evolves according to the Nelder and Mead (1965) simplex downhill search method. The
worst parameter sets are improved by reflection, contraction, and expansion rules.

e This is the shuffling stage. The evolved parameter sets in each complex are combined into a single sample
population. The population is sorted according to the objective function and repartitioned into p complexes
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according to the rule in step 2. Then, the convergence criteria are checked. If they are not met, the process is
repeated.

3.2 Sensitivity Analysis

An integral part of the calibration process is a sensitivity analysis, which was performed on the HSPF parameters.
Parameter sensitivity reflects the effect of parameter changes on the output function. The sensitivity of each
parameter with respect to all weighted observations was computed.

3.3 Objective Function

Calibration is an iterative procedure of parameter evaluation and adjustment, with the objective to reproduce a
modelled response identical to the observed reality. The essence of calibration is to minimize the error between
observed and model data. In the present study, the error, or the objective function (OF) was expressed in weighted
squared residuals. The compound objective function (@) minimized during optimization was a combination of the
following two single OFs: weighted squared differences between simulated and observed daily flows (OF1) and
weighted squared differences between simulated and observed monthly volumes (OF2). ¢ was defined as:

k

¢=2 [w x(logq,,, —logq,, )T + X[y x (¥, =V, )T
i=1

i=1

where 71 is number of daily flow observations, k is number of months, ¢ops- and Gs;m are the values of daily
observed and simulated flows, V,ps and Vi, are the values of monthly observed and simulated volumes and w;,
W, are the weighting factors.

Weights were assigned to achieve approximately equal contributions from two single objective functions. This

necessitated the following weight factors: the assigned weight for OF1 was log qibsr and the assigned weight for

OF2 was 0-0007
/—V

obsr

Depending on the objectives of the study, the weighting factors as well as OF itself can vary. In this particular
study, the minimum flows were of a critical issue and that is why weighting of the low flows and volumes was
amplified.

3.4 Performance Comparison

Correlation and correlation-based measures are widely used for model calibration. In this study, the best parameter
set was selected based on the coefficient of determination and Nach and Sutcliffe model fit.

Coefficient of determination (rz) is the square of the Pearson’s product-moment correlation coefficient. It describes
the proportion of the total variance in the observed data that can be explained by the model. The coefficient of
determination varies from 0 to 1, with higher values indicating better agreement between observed and modelled
data. This statistical characteristic is defined below:

_________ s
/ Page 9
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Z (q(l;bsr - qobsr) x (q;tm - qsim )

2 i=1

0.5
|:Z(q2bsr _6absr)2j| |:Z (q;lm _gsim)2j|
i=1 i=1

Eobsr and c_]sim are mean values of observed and simulated daily flows.

0.5

Nash and Sutcliffe (NS) model fit (Nash and Sutcliffe, 1970), is a unitless measure of the ratio of the residual
variance (“noise”) to the variance of observed flow (“information”). Values may vary from - o to 1.0, with higher
values indicating better agreement.

NS =1- Z(q;bsr - lem )2 /Z (q(ibsr - qobxr)2
i=1 i=1

i=

4. HSPF CALIBRATION RESULTS

More than 50 hydrologic parameters are used in HSPF for water budget calibration in a pervious land segment.
Some of these parameters are fixed for a period of modelling and others vary monthly. A number of HSPF
parameters can be obtained from land use maps, high resolution topographical maps, and geographical information
system or field surveys. Other parameters are estimated from climatological conditions, geology, soil types, and
literature. The upper and lower limits for the calibrated parameters were taken from literature and from U.S. EPA
(2000). Based on the conducted sensitivity analysis, the 11 most sensitive hydrologic parameters were identified
(Table 6).

HSPF has more than 20 parameters in its snow modelling subroutine that simulates accumulation and melting of
snow and ice. Some parameters, such as the latitude of a watershed segment, mean elevation, temperature at which
precipitation becomes snow, and others of similar nature are straightforward and do not require calibration. Based
on literature reviews and sensitivity tests, six parameters were singled out to be adjusted during calibration. These
parameters, as well as their minimum and maximum values, are shown in Table 6. All calibrated snow parameter
values were numerically similar to those found in literature presented by Crawford (1999), Hoyer and Larson
(2005) and Zarriello (1999).

Table 6 shows the calibrated values for the HSPF model. The range of values is shown for the HRU variable
parameters and for monthly variable parameters.
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Table 6. HSPF Calibration Parameters
Minimum Maximum Calibrated value
Value Value or range
Hydrological Parameters
LZSN, Lower zone nominal storage, in. 2.00 12.0 2.5-5.8
INFILT, Index of infiltration capacity of soil, in / h 0.01 0.40 0.04-0.10
UZSN, Upper zone nominal storage, in. 0.05 2.0 1.3-1.7
IRC, Interflow recession parameter 0.30 0.85 0.59
AGWRC, Base groundwater (GW) recession 0.85 0.99 0.89-0.99
LZETP, Lower zone evapotranspiration (ET) (varied monthly) 0.05 0.90 0.2-0.85
CEPSC, Interception storage (varied monthly) 0.00 0.35 0.0-0.35
AGWETP, Fraction of ET from active GW 0.01 0.20 0.2
BASETP, Fraction of ET from baseflow 0.01 0.20 0.12
INTFW, Interflow inflow parameter 1.00 9.9 9.0
DEEPFR, Fraction of ground water inflow to deep recharge 0.01 0.50 0.49
Snow parameters
SHADE, Fraction of land segment shaded from solar radiation 0.01 0.80 0.04
TSNOW, Temperature at which precipitation become snow, °F 31.0 35.0 32.1
CCFACT, Condensation/convection melt factor 0.5 7.0 0.5
MWATER, Liquid water storage capacity in snowpack 0.01 0.20 0.01
PETMAX, Temperature below which ET is reduced, °F 32.0 48.0 38.7
PETMIN, Temperature below which ET is set to zero, °F 30 40 35

Based on performance statistics and a graphical comparison of modelled and observed daily flows and monthly
volumes (Appendix B), it was concluded that sufficient precision of hydrological calibration was achieved. It
should be noted that internal HSPF units are imperial and, accordingly, comparison graphs are presented in cubic
feet per second.

S. PERCENT WATER DEMAND

According to Part 1.1 of the Technical Rules (MOE, 2009) the following equation is to be used where the Percent
Water Demand calculation is required.

% Water Demand  _ QDEMAND
(Surface water) QSUPPLY- QRESERVE

x 100.

Where, QDEMAND is Surface Water Consumptive Use, calculated as the portion of estimated monthly surface
water takings in a subwatershed that is not returned to the surface water body that is the source of the water taking;

QSUPPLY is Surface Water Supply, calculated by determining the monthly median flow of a surface water body.
Where median flow conditions cannot be determined, best available monthly baseflow measurements or estimates
should be used;

QRESERVE is Surface Water Reserve, calculated by determining the lower decile stream flow (Qp90) on a monthly
basis. The lower decile stream flow is the stream flow value that is exceeded 90% of the time.
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5.1. Determining QDEMAND

The Water Demand component (QDEMAND) of the water budget refers to water taken as a result of anthropogenic
activity. It is calculated as the sum of three parts: permitted demands, unpermitted agricultural demands and
unpermitted domestic demands.

Considerable efforts were made in Tier 1 to document various sources of water demand (Intera, 2009). The only
source of permitted water demand in the Garry River Watershed is the Alexandria Water Treatment Plant. The
unpermitted agricultural and domestic demands are very minor takings within the subwatershed and assumed to be
insignificant. For this reason they have not been included in the water quantity stress assessment.

Table 7 shows the actual average annual demands for the Alexandria WTP (Intera , 2009). It can be seen that the
pumping rates decreased significantly after 2004. The water demand reduction is attributed to the closure of the
Consoltex plant in 2003. The plant is unlikely to be reopened. The “study year” demand is typically used for the
percent demand calculations. Part 1.1 of the Technical Rules defines “study year” as the “calendar year
immediately before the year in which the most recent terms of reference related to the source protection area was
required to be submitted to the Minister in accordance with Section 10 of the Act”. Since the SNC-RRCA Terms of
Reference were approved in 2009, the “study year” for this study is 2008. The municipality confirmed that the
pumping rates in 2008, on average, are representative for the next several years forward.

Table 7. Actual Average Annual Use of Water, Alexandria WTP
2000 oot 2002 2003 004 2005 2006 007 2008 [Average
m’/day

4600 |3,745 |3,651 |3,906 |2,793 |2,381 |1,888 |110 data |2,207 |3,l46
m>/s
0.053 |o.043 |0.042 |0.o45 |0.032 |0.028 |0.022 |no data |o.025 |0.036

It is noted that higher demands prior to the selected study year reflect past industrial water uses and that 2008
demands appropriately reflect current conditions. A consumptive factor of 1.0 was used in the consumptive demand
calculations since all water withdrawn by the Alexandria WTP is discharged to the Delisle River and not available
for other users in the Garry River Watershed.

Future demand was calculated based on population growth. Intera (2010) indicated that the SD&G’s North
Glengarry population projection growth from 2001 to 2021 is 26.8%. The population of Alexandria will increase
from 3,300 to 4,184 in the next 20 years. Therefore, the future demand for the Alexandria WTP was assumed to be
2,798 m*/day or 0.032 m’/s.

5.2.  Determining QSUPPLY and QRESERVE

QSUPPLY was calculated as the monthly median outflow from the Mill Pond (Reach 10) using the calibrated HSPF
model from 1990 to 2004. Based on the existing model the inflow into the Mill Pond (Reaches 8 and 7) was also
analyzed. It was found out that due to a relatively small active storage of the Mill Pond the inflows into the Mill
Pond are roughly similar to its inflows on a monthly basis.

QRESERVE was calculated as the 10™ percentile of monthly flow for the same period of time. Table 8 shows the
average annual median flow (QSUPPLY) and the 10% low percentile flow (QRESERVE) for the Mill Pond.
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Table 8. Monthly Flows in m*s for Reach 10 — Outflow from Mill Pond

Jan Feb [Mar |Apr May (un Jul [Aug  [Sep  |Oct  [Nov |Dec
1990 0.10 [0.32 [0.61 (090 [0.47 [0.30 [0.35 0.66 0.52 0.79 0.62 [0.61
1991 0.52 [0.35 [0.97 P22 1092 (042 0.26 0.28 10.27 044 0.32 |0.33
1992 0.32 [0.28 [0.59 [1.85 0.73 045 0.75 0.86 0.58 0.43 0.58 [0.47
1993 0.62 048 [0.59 P62 |1.10 0.81 J0.53 035 0.37 [0.55 [0.54 [0.70
1994 0.42 |0.31 [0.59 ([1.55 0.76 0.74 1098 10.82 0.54 0.34 0.42 [0.39
1995 091 [0.61 [0.69 [0.51 1039 [0.80 045 10.59 036 0.86 [0.77 [0.53
1996 0.50 (0.77 [0.89 098 0.82 0.46 0.37 0.50 048 0.57 [0.64 [0.64
1997 0.57 [0.56 [0.95 [P.05 |1.06 047 044 030 037 [0.32 ]0.39 [0.28
1998 0.36 |0.30 [1.11 [1.98 [0.50 0.49 0.53 1035 048 0.64 040 |0.33
1999 0.34 030 [0.61 (143 048 039 0.53 044 |0.56 [0.52 0.44 [0.58
2000 0.52 [0.34 [0.67 (1.33 |1.02 0.79 0.70 0.50 j0.44 0.31 0.25 [0.35
2001 0.32 [0.30 [0.70 .10 0.71 0.53 j0.39 043 0.76 0.58 0.51 [0.47
2002 0.06 [0.10 [0.35 (0.83 091 |J1.46 098 044 036 0.54 0.65 [0.45
2003 0.34 (0.23 [0.84 |1.17 |1.05 .17 0.73 10.67 041 099 [1.47 [1.42
2004 0.69 039 [1.09 144 068 055 1044 1064 0.86 041 1049 10.92
MEAN 0.44 |0.38 [0.75 [1.53 0.77 0.66 0.56 0.52 049 0.55 [0.57 [0.56
MEDIAN 0.419 10.323 0.694 |1.441 1|0.756 [0.532 |0.527 [0.496 [0.476 10.535 ]0.510 10.473
10% percentile 0.187 0.249 [0.590 [0.858 [0.474 |0.405 ]0.358 ]0.318 ]0.358 ]0.327 ]0.348 ]0.330

5.3.  Percent Water Demand Calculations

Table 9 presents the summary of QSUPPLY, QRESERVE and QDEMAND for Alexandria Intake. These values
were used to calculate the percent Water Demand and compared against appropriate Tier 2 threshold values.
According to the Technical Rules (MOE, 2009) the system is considered moderately stressed if Water Demand is
between 20 and 50%. The system is considered significantly stressed if % Water Demand is higher than 50. Table
10 shows the monthly percent Water Demand for the Alexandria Intake. It can be seen that the system is moderately
stressed in February, March, June and September for current demand and also stressed in November and December
for future demand.

Table 9. Summary of QSUPPLY, QRESERVE and QDEMAND for Alexandria Intake (m?/s)
Jan [Feb [Mar |Apr [May [un Jul [Aug  [Sep |Oct [Nov [Dec
QSUPPLY 0.41910.323 10.694 ]1.441 [0.756 [0.532 10.527 [0.496 [0.476 [0.535 0.510 [0.473
QRESERVE 0.18710.249 10.590 ]0.858 [0.474 [0.405 0.358 [0.318 [0.358 ]0.327 ]0.348 ]0.330
QDEMAND current [0.025 ]0.025 ]0.025 ]0.025 ]0.025 ]0.025 ]0.025 ]0.025 ]0.025 ]0.025 [0.025 [0.025
Page 13
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QDEMAND future [0.032]0.032 [0.032 ]0.032 ]0.032 }0.032 ]0.032 ]0.032 0.032 ]0.032 ]0.032 [0.032

Table 10. Percent Water Demand for Alexandria Intake

Jan  |[Feb |Mar |Apr [May [un Jul Aug  [Sep |Oct [Nov [Dec

Current Demand (%) [11.0 [34.7 [R4.6 K4 9.1 20.0 15.1 144 [R1.7 123 158 |17.8

Future Demand (%) [14.0 |44.0 [B13 [5.6 11.5 254 1192 (183 P75 [15.5 0.0 [22.6

Two and 10 year drought scenarios were not analysed since the Alexandria system is already moderately stressed
using the current and future demands.

6. UNCERTAINTY

According to the Technical Rules the uncertainty has to be estimated for the Tier 2 Water Budget. The uncertainty
associated with the inputs and calibration is a critical input to the final stress assessment report.

Following the evaluation criteria set out in the Technical Rules, the modellers feel that a low level of uncertainty is
appropriate for this study based on the fact that extensive meteorological data were used, the HSPF model was
satisfactory calibrated, and permitted water demands are certain. In addition, the maximum percentage water
demand is sufficiently high that potential uncertainties in the input parameters would not affect the determined stress
level. For example, use of the lowest demand year (2006), no reserve value, or a median supply of half that
determined by the calibrated hydrologic model would still result in a moderate stress.

7. CONCLUSIONS

The purpose of this report is to document the Tier 2 Water Budget Assessment for the Garry River subwatershed.
The analysis was built on the existing HSPF model which was further refined in this study. The Stress Assessment
calculations indicate that the Garry River watershed receives a moderate stress level for current and future water
demands. As aresult, the two and 10 year drought scenarios were not analyzed.

Under Technical Rule 34(2)e, it is recommended that the Garry River subwatershed proceed to a Tier 3 assessment.
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Appendix A. Garry River Dams Stage-Discharge-Storage Relationship

(Operational Manual for the Garry River System, 1995)

/ Page 17

DILLON
CONSULTING



( :umnuw

Tier 2 Water Budget. Subwatershed #7- Garry River
for Raisin-South Nation Source Protection Region

A.l. Loch Garry Dam

Loch Garry Dam

Top of Dam: 90.3 m

Top of Sill 87.546 m

Opening: 2.438 m

Logs 150 mm x 150 mm x 2.7 mm
Normal lake Level 89.10 m

Spillway:

Top of Sill: 89.44 mm
Top of Spillway 90.30
Opening 7.5 m

Figure Al. Loch Garry Dam

ELEVATION (m.o.s))

M.DW-I-
90.000- OF DAM 90.000 _/—_]
29.121 TOP 7.500
. - NORMS
#0.000 SRR S ey "
VITIIIIIITETYS
L L AL LLLLLLL L
88.000 - SEEEEENNA
TTTTIIIITIITS
SSSASSSSSSSSS
L S 87.348 2.438
87.000 -

SPILLWAY

B2.440 SILL ELEVATION

ASSOCIATES INC.
Water Resources and
% | amm Environmental Consultants
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A.l. Kenyon Dam

Top of Dam: 89.0 m
Top of Sill 87.0.36 m
Spillway Opening: 2 x 2.5 m

Logs: 2 x 6 (200 mm x 200 mm x 2950 mm)

Normal Lake Level: 87.90 m.
100 year Lake Level: 88.44 m

Figure A.2. Kenyon Dam
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A.3. Alexandria Dam (Mill Pond Dam)

Alexandria Dam:
Top of Sill: 80.50 m
Top of Dam: 81.86 m
Openings: 3.60 m

Logs: 5 (200 mm x 200 mm x 4100 mm) and 1 (75 mm x 200 mm x 4100). Elevation is 81.645 m

Normal lake level: 81.60 m

Spillway:

Top of Sill: 81.11 m

Top of Spillway: 81.86 m
Opening: 1.45 m

Figure A.3.  Alexandria Dam
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Appendix B. Results of Graphical and Statistical Comparison of Observed and Simulated
Flows
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The following statistics were achieved for the observed and simulated monthly flows:
Correlation Coefficient: 0.93
Nash-Sutcliffe Model fit: 0.86

Coefficient of Determination: 0.87

Figure B.1. Observed and Simulated daily flows in the Delisle River at Glen Norman (02MC036)
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Figure B.2. Observed and simulated monthly volumes in the Delisle River at Glen Norman (02MC036)
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Figure B.3. Exceedance curve for the observed and simulated monthly volumes in the Delisle River at
Glen Norman (02MC036)
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Appendix C. Peer Review Record
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Page | Comment | Resolve

Scott Bates - MNR. Comments of June 29, 2010

Page 1 Please revise the title of the report to indicate that the Tier 2 | Title was changed
Assessment is being completed for the Garry River
subwatershed (or some other appropriate title that includes the
term subwatershed)
Page 6 — Line | Please be clear and concise with the term subwatershed both | Fixed
114 here and throughout the rest of the document. The term
subwatershed should relate to the entire catchment area being
assessed for hydrologic stress for the Tier 2 assessment.
Page 6 — Line | Please include the Tier 1 surface water stress assessment map as | The map was added
120 an additional aid to clearly explain where and why the Tier 2

stress assessment is being conducted.

Page 11 — Line
171

Please provide some additional information and rationale for
selecting the HSPF modelling period of record 1990-2004. The
rationale for selecting this period would be helpful to the reader.

Text was added

Page 16 — Line
280

In the report it states, "The unpermitted agricultural and
domestic demands are insignificant and were ignored in this
study". Please make a minor modification to the wording in this
sentence to remove the word "ignored". Suggested wording
may be, "The unpermitted agricultural and domestic demands
are very minor takings within the subwatershed and assumed to
be insignificant. For this reason they have not been included in
the water quantity stress assessment."”

Modification was made

Page 16 — Line
288

Please discuss in the report why the average daily demand rates
are substantially higher for the period 2001 to 2003 in relation to
more recent pumping rates. Has there been any change to the
municipal system that provides a rationale for the lower
pumping rates? Is the 2008 study year truly "representative" of
the pumping rates the municipality intends to pump in the next
several years going forward?

Text was modified. The
municipality (Public Works
Manager Mr. André Bachand)
was contacted for
clarifications. The decreased
pumping rates are related to
the closure of Consoltex plant
in 2003. It is unlikely that the
plant will be reopened. The
2008 pumping rates are on
average “representative” for
the next several years going
forward.

Page 16 — Line
288

Please provide an additional table in the Water Demand section
of the report that converts the average daily water demand
information into monthly water demands so that they may be
used to compare with the QgupprLy and Qgrgsgrve values presented
in Table 8. Please also make the units of measurement
consistent between this new table and Table 8.

Table was added and the units
were converted to m3/s

Page 16 — Line
294

Please confirm, and discuss in the report, that the future
demands are representative of municipal official plans and that
the municipality agrees with the estimates being used.

Based on Intera Tier 1 report
the SD&G's NG  pop.
projection from 2001 to 2021
is 26.8%. The municipality
(Public Works Manager Mr.
André Bachand) confirmed
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the estimation.

Page 16 — Line
299

Please clarify in the report that the estimate of Qsyppry is based
on additional modelling configurations that account for inflows
to the Mill Pond and channel storage (stop logs removed from
dam) thereby making the outflow from the Mill Pond roughly
equivalent to its inflows.

Clarification added to report

Page 18 — Line
325

Please provide a 'Recommendations' and/or 'Conclusions'
section within the report that discusses any recommendations
for future assessments including the decision to advance this
work to a Tier 3 Water Budget and Local Area Risk
Assessment.

Conclusion section was added
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