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1. INTRODUCTION

A requirement of the Clean Water Act is to undertake water budget and water quantity
assessments for each watershed within Ontario’s Source Protection Areas. The Technical Rules
are used as a guideline for methods and procedures in the water budget assessment. The revised

March 22, 2011 Technical Rules (MOE, 2011) were used in preparing the current report.

The Tier 1 Water Budget for the entire Raisin-South Nation Source Protecting Region was
completed by Intera (Intera, 2009). The report concluded that Subwatershed #7 within the Garry
River watershed, where the Alexandria surface water intake is located, is moderately stressed as
per Rule 31(2)(a) and should be evaluated at a Tier 2 assessment level. The results of the Tier 1

assessment are shown on Figure 1.

The Tier 2 Water Budget for the Garry River watershed was completed by Dillon in 2010
(Dillon, 2010). The Tier 2 stress assessment indicated that the Garry River watershed is
moderately stressed for current and future water use demands. As a result, the 2 and 10 year
drought scenarios were not required to be analyzed in Tier 2. Under Technical Rule 33(2)(a), it

was recommended that the Garry River watershed proceed to a Tier 3 assessment.

A Tier 3 assessment is carried out on all municipal water supplies located within the
subwatersheds that are classified in the Tier 2 assessment as moderately and significantly
stressed. The Alexandria municipal surface water intake is the only surface water intake located
in the Garry River watershed. The Tier 3 assessment is a more detailed study than the Tier 2

assessment and takes into account storage changes and water level fluctuations on a daily scale.

Tier 3 Water Budget for surface and groundwater systems is defined in Part 1.1 of the Technical
Rules (MOE, 2011) in the following way: “Tier Three in respect of a water budget means a
water budget developed using computer based three dimensional groundwater flow models and
computer based continuous surface water flow models to assess groundwater flows and levels,
surface water flows and levels, and the interactions between them, and that includes

consideration of the following circumstances:

e current and future land cover within the area;
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e hydraulic flow controls within the area;

e water taken by the surface water intakes and wells related to the area;

e other uses of water within and downstream of the area;

e steady and transient states in groundwater;

e drought conditions;

e the average daily supply and demand for surface water within the area; and

e average monthly supply and average monthly demand for groundwater within the area.”

The Tier 3 process is quite rigorous and involves application of a complex watershed model,
estimation of future water demands and various climate conditions. A Tier 3 local area risk
assessment involves a detailed study of the available surface water sources, requiring additional

data collection and the refinement of the surface water model where necessary.

The specific objective of Tier 3 is to predict whether the Town of Alexandria can meet existing
and planned allocated quantity of water of the intake and other water uses (e.g., recreation,

navigation, ecologic, assimilative, etc.).

The groundwater recharge values were not refined at Tier 3 and therefore Significant

Groundwater Recharge Areas remain the same as Tier 1 and Tier 2.

2. DATA COLLECTION

2.1 Review of Previous Reports

A number of reports were reviewed while working on this study (Baird and Associates, 1992;
McNeely Engineering, 1980, 1989; RRCA, 1995; TRG, 2003; Wisner & Associates, 1992). It
became apparent that the Town of Alexandria has had ongoing problems with its source water
supply for many decades. A combination of high water demand in Alexandria, dry climate
conditions, constraints in dam operation, small lake active storage volumes, thick ice and
landowners complaints result in water restrictions in Alexandria from time to time. A number of
mitigation measures were introduced in the past, such as water meter installation, water rate
increase, operating water level raise in Loch Garry and Middle Lake and some others. The

closure of Consoltex Inc. in 2004 resulted in a significant decrease of the water demand in
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Alexandria. Despite all efforts, the reliable supply of water to Alexandria is still a concern. Four
factors are critical in managing water supply in Alexandria: water levels in Mill Pond, MOE
permit to take water, requirements to maintain the wastewater assimilation flow, natural
conditions such as precipitation and evaporation and shoreline land usage on Middle Lake and
Loch Garry.

2.2  Data Acquisition and Processing

Water demand data for the Alexandria water treatment plant for 2000-2010 were provided by the
Township of North Glengarry. Daily data were provided for 2010 and monthly data provided

for other years.

Daily water level data and stop log settings for Mill Pond, Middle Lake and Loch Garry were
provided by the Raisin Region Conservation Authority (RRCA). Since the Garry River is a
tributary of the Delisle River, daily water flows in the Delisle River at Glen Norman (02MC036)
were obtained from the Hydroclimatological Data Retrieval Program (HYDAT). Flows and
water levels were used to calibrate the Hydrologic Simulation Program Fortran (HSPF) model

described in Section 3.

Extensive meteorological data for 1990-2004 were collected to set up the HSPF model. Hourly
data included precipitation, air temperature, wind speed, solar radiation and dewpoint
temperature. Data from three meteorological stations were used in the study (Table 1). The
primary meteorological station used in this study was Cornwall; data gaps were supplemented by
the Ottawa and Massena meteorological stations. Cornwall hourly data were available only after
2003. For prior years the daily Cornwall data were used and disaggregated based on an hourly
precipitation pattern from Massena. WDMULtils (Hummel at al., 2001) was used for data
disaggregation. When daily precipitation data for Cornwall were not available the Ottawa
Airport data were used. Also, the Ottawa Airport data was used for wind speed and solar

radiation, since they were not available from the Cornwall station.
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Table 1. Location and Elevation of the Meteorological Stations
Distance from
Station Name Station ID North, DD | West, DD Elev, m Alexandria, km
Ottawa Airport, ON | 6106000 45.32 -75.67 114 80
Cornwall, ON 6101874 45.02 -74.75 64 33
Massena, NY NY305134 44.95 -74.85 65 45

A land use raster data with 30 m resolution was provided by RRCA, the original source of data
is Agriculture and Agri-Food Canada (AAFC). The data was dated as 2003. A provincial
Digital Elevation Model (DEM) layer with 10 m resolution was used for subwatershed
delineation and to estimate watershed characteristics. Soil data in GIS format were provided by
RRCA, the original source of data is AAFC (http://sis2.agr.gc.ca/cansis/).

The North Glengarry Township indicated that there are no substantial changes in land use and
soil types are expected in the nearest future upstream of Mill Pond, that is why, future landuse

and soil types were assumed to be the same as present.

River cross-section data were imported from the existing HEC-RAS model provided by RRCA.
Additional base data in GIS shapefile format (streams, lakes, roads) were also provided by
RRCA.

2.3 Garry River Dam System

The Garry River watershed area is about 34 km? it has three lakes with dams. The Garry River
watershed is relatively flat with an elevation difference of about 26 metres (Figure 2). Sluggish
flow conditions prevail in the river.  Three types of soil dominate within the watershed:
Grenville loam and Eamer loam on the glacial till plains and muck soil on poorly drained clay
materials (McNeely Engineering, 1980).

The Garry River 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 the summer
time to maintain the lakes at their normal operating levels. The stoplogs in each of the dams are
chained and padlocked to prevent their unathorized removal. The dam profiles and their

operational characteristics are presented in Figures 3 to 5.
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Loch Garry is the largest Garry River lake with an area of 3.75 km? It is a shallow lake
situated in a swampy area with organic soil. The lake depth varies between approximately 1 and
5 metres and it drains via a winding, unconfined river through wetlands and then 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. The dam was constructed to improve the Alexandria water supply. In 1984, the Loch
Garry dam was reconstructed and raised to protect against overtopping and to provide additional

water supply storage (RRCA, 1995).

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

Alexandria (Mill Pond) Lake has an area of 0.26 km?. It was created in 1819 for the purpose
of water supply. The 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 (RRCA,
1995). A slot in one of the logs allows a flow of 30L/s to provide dilution to the effluent

discharged from the Town’s wastewater treatment lagoon downstream.

2.4 Intake Characteristics

The Alexandria Intake is located in Mill Pond (Figure 6) on the Garry River which is a tributary
of the Delisle River. The engineering drawing of the intake crib was not available at the time of
writing of this report. The schematic drawing (Figure 7) was prepared based on data from
various reports (RRCA, 1995; McNeely Engineering 1989) and communication with the plant
operator. The intake crib is about 2.4 m deep from the normal water level (NWL) of 81.6 metres
above sea level (masl). A gravity fed 350 mm diameter pipe connects the intake crib with the
water treatment plant. A normal operational level for Mill Pond as defined in the operational
manual (RRCA, 1995) is between 81.5 and 81.7 masl. A drawdown of the Mill Pond level below
81.40 masl or more may cause reduced pumping rates at the water treatment plant due to

insufficient head. The level of 81.4 masl was defined as the critical water level for the purposes
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of this study. The WTP operator indicated that low water levels become a concern for the water
treatment plant on average twice a year. In these situations, the plant operator calls RRCA and
asks for logs to be added at the Mill Pond Dam and to be removed at the Middle and Loch Garry
Dams. It should be noted that WTP is capable of meeting the allocated quantity of water of the
intake when the Mill Pond water levels are at the critical water level (i.e. 81.4) despite the

insufficient head and reduced pumping rates.

McNeely Engineering (1989) indicated that a lake drawdown of 0.6 m in conjunction with an
estimated ice depth of 0.9 m could effectively cut off water supply to Alexandria. The same
report indicates that the maximum drawdown should be limited to 0.5 m in Mill Pond.
Therefore, the shut-off water level (or maximum allowable drawdown) of 81.1 m was used in
the current report. The assumption was made that in the worst case scenario of low water level
and thick ice the intake will need to be closed if the water level reaches 81.1 m. It should be
noted that this has never happened historically, the intake was never shut-off due to insufficient
head and the water elevation never dropped below 81.1 m.

For the purpose of Local Area Risk Assessment the single safe water level should be
consistently used to evaluate the scenarios. After consultation with the municipality and RRCA

the safe water elevation was defined as the shut-off water level of 81.1 m.

3 METHODOLOGY

3.1 Surface Water Model

The Tier 3 rules require building or updating an existing continuous surface water model with a
capability to simulate storage changes. HSPF was the chosen surface water model because it
was already built for the Delisle River basin and it is a widely used watershed model in North
America. HSPF is a semi-distributed model in which a watershed is subdivided into
subwatersheds 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 was developed by the USEPA. The most recent version of WinHSPF

Page 6



Tier 3 Water Budget and Water Quantity Risk Assessment
Alexandria Water Supply

Draft Report

Raisin-South Nation Source Protection Region

(version 2.3) was used in the current study. Detailed documentation and model description are
available from Bicknell et al. (2001).

To run the model, 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
development and application. In addition, the model has a wealth of empirical calibration

parameters that must be determined from handbooks, field measurements and by calibration.

Calibration is a critical step in model 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) utilizing the Shuffled Complex Evolution
method, developed at the University of Arizona (SCE-UA), was used for HSPF calibration in the

current study.
The assumptions and limitations that underlie the current study are as follows:

e The modelling was performed for meteorological data between 1990 and 2004, and it is
assumed that the land use layers and soil type data provided by AAFC are representative

of these years.

HSPF is a mathematical model and has intrinsic limitations and assumptions. Some of the key

limitations 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 with 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 simplified into two parts: active (a
source of baseflow) and inactive (a sink of water, lost permanently from the model
domain). HSPF is a surface water model, which is why its groundwater modelling
capabilities are limited.
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e The receiving watercourse for each subwatershed and lakes are modelled as completely
(longitudinally, laterally, and vertically) mixed.

3.2  Model Set-up

The Delisle River watershed located in Eastern Ontario was the study area for the project. The
watershed is subdivided into 16 subwatersheds, of which 12 are in the Garry River system where
the intake is located (Figure 8).

The watershed was subdivided based on available hydrological gauges, similarity in topography
and soils and location of lakes in the watershed. The subwatershed area, minimum, maximum

and mean elevations for the 16 studied subwatersheds are presented in Table 2.

Table 2. Subwatershed Characteristics

ID Area, | Min. Elev., | Max. Elev.,| Elev. Mean Elev.,

sub. | Name km? masl masl Range, m| masl

1 Garry River at Loch Garry inflow 1.65 88.22 101.95 13.73 94.72

2 Garry River at Loch Garry outflow | 11.75 | 87.93 104.01 16.08 92.64

3 Garry River at Loch Garry Dam 4.15 87.25 101.94 14.69 91.25

4 Garry River at Middle Lake inflow | 4.85 87.29 101.12 13.83 91.66

5 Garry River at Middle Lake. 3.90 86.97 101.10 14.13 91.33

6 Garry River at Middle Lake outflow | 1.42 86.36 96.76 10.40 90.08

7 West Trib. at inflow to Mill Pond 2.70 81.66 96.46 14.80 85.96

8 Garry River at inflow to Mill Pond 0.65 81.13 90.96 9.83 84.05

9 Garry River at bridge 2.33 81.07 100.16 19.09 88.72

10 Mill Pond outflow 094 | 79.57 91.00 11.43 84.18
Delisle River at Glen Norman,

11 02MC036 31.87 | 66.26 104.26 38.00 79.42
Delisle River at Alexandria,

12 02MC028 1781 | 71.84 106.53 34.69 88.44
Delisle River confluence with Garry

13 River 8.50 68.88 99.94 31.07 83.09
Garry River confluence with Delisle

14 River 1.32 69.73 90.28 20.55 80.19

15 Delisle River at Dornie 66.21 | 81.77 124.72 42.95 103.89

16 Delisle River at Quebec border 70.51 | 60.68 102.90 42.22 77.78

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 subwatershed was assumed to be homogene-

ous in hydrologic and hydraulic response. The subwatersheds were further subdivided into 7
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landuses (agriculture, forest, urban, rock, shrubs, water and wetlands) and three 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 soil groups were combined into 11 Hydrological
Reponses Units (HRU) presented in Table 3. Hydrological Response Units in the Garry River

Watershed are shown on Figure 9.

Table 3. Hydrological Response Units for the Delisle River Watershed
HSG Class A HSG Class B HSG Class D

Agriculture AGCa AGChb AGCd

Forest FORa FORDb FORd

Urban URBN URBN URBN

Rock ROCK ROCK ROCK

Shrubs and unclassified SCHR SCHR SCHR

Water WATR WATR WATR

Wetlands WETL WETL WETL

Forested land is the dominant landuse category representing 62% of the Garry River watershed.
Water is the next major category covering about 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% of the Garry River watershed.
Wetlands, shrubs and rocks represent only minor landuse components. A summary of HRU
distribution for the area upstream of the Mill Pond Dam can be found in Table 4.
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Table 4. Percent of HRUs for the Studied Subwatersheds

ID Sub- AGCa AGCb AGCd FORa FORb FORd URBN ROCK SCHR WATR WETL
Watershed

and its area

1(1.65km? | 15 8.0 14 2.2 549 150 4.3 0.1 1.2 0.1 11.2

2 (11.75km?| 0.5 7.0 0.6 2.2 294 234 33 0.0 0.5 30.8 2.1
3(4.15km? | 0.8 2.7 0.1 3.2 395 384 12 0.0 0.8 3.0 10.4

4(4.85km? |03 7.1 13 1.7 329 396 53 0.0 1.2 3.4 7.0
5 (3.9 km?) 13 45 05 2.7 289 391 1.7 0.0 0.8 11.2 3.3
6 (1.42 km?) | 0.0 21.9 0.1 0.0 20.8 164 6.3 0.1 0.1 331 1.3
7 (2.7 km?) 0.0 22.2 25 0.0 240 374 84 0.2 1.0 0.0 4.4
8(0.65km?) | 3.1 3.8 45 3.2 7.0 251 43.0 0.3 0.4 0.4 9.2
9(2.33km?) | 3.1 195 1.0 1.9 384 227 10.7 0.2 0.4 0.0 2.0

10 (0.94 km®| 0.0 10.5 2.6 0.0 6.2 115 405 2.0 0.2 26.0 0.5

3.3  Optimization Method

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 explicitly 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.

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.

3.4  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:
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§= 21 x (109 6, ~Togqu)T + Ik x (Vo ~Vi )T

where n is number of daily flow observations, k is number of months, qosr and gsim are the values
of daily observed and simulated flows, Vonsr and Vi are the values of monthly observed and

simulated volumes and ws, w,, are the weighting factors.

Weights were assigned to achieve about 75% contribution from OF1 and 25% contribution from

OF2. This necessitated the following weight factors: the assigned weight for OF1 was logq.,,

and the assigned weight for OF2 was 0-00017 .

obsr

Depending on the objectives of the study, the weighting factors as well as OF itself can vary. In
this particular study, the water storages in the lakes are of the importance. That is why a
combination of high flows, low flows and volumes is important. The low flows were somewhat
amplified by using the log values of flows and a reciprocal of the monthly volume in defining
the OF.

3.5  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 Nash and
Sutcliffe model fit (Nash and Sutcliffe, 1970). The visual comparison plots such as flow duration

lines, cumulative difference plots, scatter plots and residual plots were also used.

3.6 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).
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Based on the conducted sensitivity analysis, the 11 most sensitive hydrologic parameters were
identified (Table 5).

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 six
parameters, as well as their minimum and maximum values, are shown in Table 5. 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 5. HSPF Calibration Parameters

Minimum Maximum | Calibrated Value

Value Value or Range
Hydrological Parameters
LZSN, Lower zone nominal storage, in. 2.00 14.0 3-14
INFILT, Index of infiltration capacity of soil, in/h 0.01 0.40 0.04-0.20
UZSN, Upper zone nominal storage, in. 0.05 2.0 1.3-2.0
IRC, Interflow recession parameter 0.30 0.85 0.67
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), in 0.00 0.35 0.0-0.35
AGWETP, Fraction of ET from active GW 0.01 0.40 0-0.4
BASETP, Fraction of ET from baseflow 0.01 0.20 0-0.2
INTFW, Interflow inflow parameter 1.00 9.9 8.3
DEEPFR, Fraction of ground water inflow to deep recharge 0.01 0.50 0.1
Snow parameters
SHADE, Fraction of land segment shaded from solar radiation 0.01 0.80 0.04-0.08
TSNOW, Temperature at which precipitation becomes snow, °F | 30.0 35.0 30.5-32
CCFACT, Condensation/convection melt factor 0.5 7.0 0.5
MWATER, Liquid water storage capacity in snowpack 0.01 0.20 0.019
PETMAX, Temperature below which ET is reduced, °F 32.0 48.0 33.35
PETMIN, Temperature below which ET is set to zero, °F 30 40 30

Table 5 also shows the calibrated values for the HSPF model. The range of values is shown for
the HRU variable parameters and for monthly variable parameters. Complete set of parameters

are shown in the user control file which is attached in Appendix A.
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As a requirement of the Technical Rules, the stage-discharge-storage relationships for Loch
Garry, Middle Lake and Mill Pond were incorporated into HSPF. The rule curve data were

taken from the operational manual (RRCA, 1995) for the Garry River System.

The model was calibrated to match the daily flows on Delisle River at Glen Norman
(02MC036). The results of flow calibration at Glen Norman are shown on Figure 10 and 11. It
can be seen that the model is fairly good at predicting high and mid range flows; however, the
summer low flows are routinely over-predicted. Despite considerable efforts it was a particular
challenge to match low flows in a range of 0.5 to 3 m%s. Limitation of the input data
(precipitation, evaporation, cross-sections, DEM, etc.) and simplification of the HSPF algorithm
are likely the contributing factors for these inaccuracies. For the purpose of this study the
storage changes in Mill Pond are important and the Mill Pond watershed represents less than
25% of the total watershed. Since the outflow from Mill Pond is governed by the rule curve and
it is very low (30 L/s), the error likely originates in the Delisle River headwaters and not in the
Garry River watershed.

The model was validated using the daily water levels at Loch Garry and Mill Pond.
Comparisons of the simulated results and observed water levels in Mill Pond and Loch Garry
Lake are presented on Figures 12 and 13. It can be seen that the simulated and observed water
levels in Loch Garry are reasonably good despite continuous and irregular stop-log changes.
The observed Mill Pond water levels are in the same range with the simulated water levels,
however the observed water levels fluctuate more frequently. This was not unexpected since
stop logs and slots are replaced and added often, sometimes twice a day in response to
complaints from residents, WTP operator requirements or the weather forecast.

Based on performance statistics and a graphical comparison of modelled and observed daily
flows, monthly volumes and water levels, it was concluded that the hydrological calibration of
the model was acceptable for the purposes of the Tier 3 analysis as defined in the Technical
Rules.
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4. LOCAL AREA DELINEATION

A distinctive feature of the Tier 3 analysis is its focus on a local area rather than a subwatershed.
Part 1.1 of the Technical Rules (MOE, 2011) defines a local area as the following: the drainage
area that contributes surface water to the intake and the area that provides recharge to an aquifer

that contributes groundwater discharge to the drainage area.

In order to estimate the area which provides recharge to the aquifer, a 100 m grid of
potentiometric surface in the overburden for Raisin Region was provided by RRCA. This data
were developed for the conceptual understanding of water budget by WESA (2006) using the
selected MOE well records. The methodology for selecting well records is presented as
Appendix H in WESA (2006). As expected, shallow groundwater typically flows towards the
surfaces water network. Based on this map the groundwater flow directions were estimated
(Figure 14). It can be seen that, in general, the surface watershed and ground watershed are

similar in size.

It is important to note that the surface water watershed was delineated based on a 10 m DEM
which has relatively low uncertainty since it was built based on aerial photography. The
resolution of the potentiometric groundwater map is 100 m and it was built in the conceptual
water budget analysis based on limited information from the individual overburden wells. High
and low elevation outliers may be a result of the location of the individual wells. Thus, the
uncertainty of the groundwater level map is high. As a result, the conclusion was made that

there is insufficient evidence to warrant a deviation of the local area from the surface watershed.

The local area for the Alexandria surface water intake was defined as the drainage area of the
Garry River watershed. The surface and ground watersheds were assumed to have the same
boundary because there is no sufficient information to the contrary. The local area is shown on

Figure 15.

The water budget results for the normal year (as defined in Tier 1 and Tier 2) for the studied
subwatersheds are presented in Table 6. The numbers are in a same range to those obtained in

Tier 1 and Conceptual Water budget.
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Table 6. Water budget (in mm) for the studies watersheds*

ID Sub- Precipitation | Overland Flow, | Interflow, IFWO | Baseflow, ET total, Deep percolation,
Watershed| SUPY SURO AGWO TAET+IMPEV | IGWI

1 968 102 187 152 509 18
2 968 91 135 160 560 21
3 968 95 165 151 536 19
4 968 131 178 143 497 17
5 968 136 161 146 504 18
6 968 95 127 162 550 22
7 968 151 182 142 473 16
8 968 286 148 100 415 12
9 968 145 179 150 473 17
10 968 258 103 117 460 16

* - water budget is not balanced. Minor unaccounted losses due to modeling uncertainty and

storage effect were observed.

S. TOLERANCE LEVEL

According to the Technical Rules, a tolerance level must be assigned to an existing municipal
drinking water system. The tolerance level can be assigned as either “high” or “low”.

If the system obtains water from a surface water intake relating to a local area assessed in
accordance with the circumstances in Scenarios A and B (Table 9) and at all times during that
assessment, the system would have been capable of meeting the peak demands, it is assigned a
“high” tolerance level. A tolerance level of “low” is assigned if the system cannot meet peak

demands in Scenarios A and B.

A municipality’s existing water supply system may be designed such that while the intake alone
cannot meet peak water demands, existing storage systems are in place to augment the intake
supply and meet demands. That is why the water storage changes should be taken into account

while assessing the tolerance level.

In our communications with MNR it was explained that when an existing drinking water system
has a “low” tolerance level, it can be assumed that the municipality has experienced one or more
instances in which it could not meet peak demand. If updates have been made to the system to

rectify the situation, then the tolerance is subsequently assigned as being “high”.
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Peak demand is the maximum daily demand that has been pumped during the study period
(2005-2010). If the Alexandria intake can deliver this maximum daily demand without exposing
the intake or reaching the shut off water elevation of 81.1 m, it can be said that the intake meets

existing peak demand.

Information on the actual average daily use of water in the Alexandria WTP for the last 10 years
is presented in Table 7. It should be noted that Consoltec Inc., a large water consumer, was
closed in 2004. Therefore, data prior to 2005 were ignored as they were not representative of the
current conditions. The average daily demand of the Alexandria WTP for 2005-2010 is 2,109
m3/day. The Certificate of Approval # 7413-7L4QP5, for the Alexandria WTP, indicates the
maximum permitted daily flow into the treatment system as 5,616 m*/day. The WTP operator
indicated that maximum capacity of the system is about 8,200 m*/day. Table 8 summarizes the

various water demands that were used in this study; the study period (2005-2010) is in bold.

Table 7. Average Daily Use of Water, Alexandria WTP (m®/day)

Year 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010

Ave Daily Use | 4,600 | 3,745 | 3,651 | 3,906 | 2,793 | 2,381 | 1,888 [ 2,342 | 2,207 | 2,201 | 1,637

Table 8. Water Demands of Alexandria WTP

m/day | L/s
Average Daily Demand for study period (2005-2010) 2,109 24.4
Maximum Daily Peak Demand observed during study period 3,957 45.8
Maximum Permitted Demand (C of A) 5,616 65.0
Maximum Rated Capacity of WTP 8,200 95.0

5.1 Peak Demands and Scenario A

The maximum daily and monthly average pumping rates for 2005-2010 are presented in Table
9. It can be seen that the maximum peak demand of 3,957 m®/day was observed in September
2008. The observed water levels at that time (Figure 20) did not drop below the shut-off water

level and thus it can be concluded that the system can meet the maximum peak demand.

As an additional step, not required by the Rules, the observed water levels in Mill Pond for the
last 21 years (1990-2010) were examined (Figures 16 to 21) and it appeared that the water levels

never dropped below a shut-off elevation of 81.1 masl. It should be noted that prior to the
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Consoltex closure in 2005 the peak demands were significantly higher than the current peak
demand of 3,957 m3/day. Therefore, peak demand during the Scenario A assessment period did

not result in the water levels dropping below the shut-off elevation.

Table 9. Maximum Daily, Monthly Average and Instantaneous Pumping Rates of
Alexandria WTP

Jan Feb Mar Apr May | June | July | Aug Sept Oct Nov Dec
Maximum permited daily flow, m*/day | 5,640 | 5,640 | 5,640 | 5640 | 5640 | 5,640| 5,640 | 5,640 | 5,640 | 5640 | 5,640 5,640
2005
Maximum daily flow, m°/day 2,745 | 2,092 | 2,099 | 2,717 | 2,386 | 2,807 | 2,681 | 2,805 | 2,442 | 2,310 | 2,280 1,906
Monthly average flow, m*/day 1,993 | 1,843 | 1,794 | 1,865 | 1,934 |2,146| 2,118 | 2,164 | 1,946 | 1,903 | 1,904 1,529
2006
Maximum daily flow, mafday 1,820 | 1,701 | 1,784 | 1,919 | 2,035 | 1,945| 2,256 | 2,290 | 2,417 | 3,082 | 3,054 1,843
Monthly average flow, m*day 1,578 | 1,527 | 1631 | 1,628 | 1,689 |1,801) 1,876 | 1,874 | 1,887 | 2,135 | 1,809 1,653
2007
Maximum daily flow, m*/day 3,016 | 2,855 | 3,504 | 2,778 | 3,940 | 3,684 | 2,733 | 2,810 | 3,426 | 2,798 2,871 3,383
Monthly average flow, m*/day 2,028 | 2,466 | 2,328 | 2,068 | 2,541 | 2,579 2,306 | 2,283 | 2,499 | 2,354 | 2,368 | 2,280
2008
Maximum daily flow, m*/day 2,637 | 2,619 | 2467 | 3,041 | 2,442 | 2,453 | 2,703 | 3,432 | 3,957 | 3,584 | 3,273 | 2,265
Monthly average flow, m®/day 2,304 | 2,310 | 2,148 | 2,187 | 2,086 | 2,111| 2,158 | 2,375 | 2,557 | 2,241 | 2,160 1,849
2009
Maximum daily flow, mafday 3,323 | 3,016 | 2,777 | 2,651 | 2,539 | 2,773 3,391 | 3,374 | 2,739 | 2,430 | 2,451 | 2,360
Monthly average flow, m*/day 2,293 | 2,295 | 2,322 | 2,259 | 2,211 | 2,137 | 2,259 | 2,264 | 2,260 | 2,066 | 2,050 1,993
2010
Maximum daily flow, m*/day 2,260 | 2420 | 1,774 | 1,882 | 2,164 | 1,781 | 2,251 | 2,035 | 1,989 | 1,757 (2,076 | 1,499
Monthly average flow, m*/day 1,966 | 1,951 | 1,628 | 1,663 | 1,547 |1,466| 1,757 [ 1,761 | 1,703 | 1,414 | 1,511 1,276
Daily Instantaneous Peak Flow (L/s) 70 69 72 72 74 75 73 64 59 54 56 48

5.2 Peak Demands and Scenario B

Scenario B requires using climate data for a two-year and ten-year drought. Explanations of
these drought conditions are presented in Section 6.

The maximum daily peak demand of 3,940 m*/day (34 L/s) and wastewater assimilation capacity
of 2,592 m®/day (30 L/s as per Alexandria C of A) were simulated using the calibrated HSPF
model and actual precipitation data from 1955 to 1964. The results are shown on Figure 22. No

instances of water levels dropping below the shut-off elevation of 81.1 masl were observed.

The analysis of a tolerance level of the Alexandria intake indicated that at all times during the

assessment, including a two - and ten-year drought, the system is capable of meeting the peak
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demand. The intake was not exposed nor was the shut off water elevation of 81.1 masl reached.

Therefore, a tolerance level of “high” can be assigned to the Alexandria drinking water system.

6 EVALUATION OF RISK LEVEL

6.1. Risk Level

The updated Technical Rules (MOE, 2011) require that a risk level be assigned to every local
area based on an evaluation the scenarios and circumstances. Table 10 shows each assessment
scenario with the time period for the assessment, as well as requirements for land cover,

municipal allocated pumping rate, non-municipal pumping rates and model simulation approach.

Part 1.1 of the Technical Rules (MOE, 2011) provides some definitions to assist in the
interpretation of the scenario requirements shown in Table 10.

A ten year drought period is defined as “the continuous ten year period for which precipitation
records exist with the lowest mean annual precipitation”. A two year drought period is defined
as “the continuous two year period for which precipitation records exist with the lowest mean
annual precipitation”. The statistical analysis of annual precipitation for Ottawa CDA was
performed by RRCA (Table 11) and it was found that the ten year drought period was 1955-
1964 and the two year drought was 1960-1961. Observed precipitation for these two periods
was used in HSPF for examining drought scenarios. When hourly precipitation was not available

the daily values were disaggregated using WDMUtils.

The Technical Rules (MOE, 2011) require that the change in land cover be considered in the
simulations. No new developments are expected to occur in the Alexandria local area and, as
such, it is anticipated that there will be no significant increase in impervious areas or a
significant conversion of existing land cover upstream of the Mill Pond Dam. Therefore, there is
no requirement to run Scenarios E(1)/E(3) or F(1)/F(3).
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Table 10. Surface Water Risk Scenarios (MOE, 2011)
data M};zm = hourly climate | R 103 (2) or (3)
i . committed . dnel mmfthly
E2) Existing ] Existing pumping R 105
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The Technical Rules (MOE, 2011) require that existing and committed pumping rates be
considered in the simulations. The existing pumping rates or water demands were identified in
Table 7. The committed demand is defined as the amount of water that has been officially
approved by the municipality and will be built out in the near term. The committed demand
does not include long-term projections but rather *“on-book” demands. Based on our
communication with the municipality, no demand was committed for the new developments in

Alexandria. Therefore, there is no requirement to run Scenario E(1)/E(2) or F(1)/F(2)

Table 11. Monthly and Annual Precipitation (Ottawa CDA) for 2 and 10 Year Drought

Year 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964
Jan 372 252 699 493 757 434 181 590 293 702
Feb 492 618 478 848 679 1561 565 642 485  27.0
Mar 925 417 91 450 299 323 405 427 501 354
Apr 380 1130 797 455 311 680 866 820 627 538
May 498 993 448 347 277 1070 598 430 671 551
Jun 429 762 1449 656 389 579 874 778 376 461
Jul 437 890 390 1556 89.4 507 1002 1107 81.0  119.0
Aug 83.0 1493 114 920 1067 378 779 843 874 711
Sep 553 203 1155 1066 1043 486 316 830 1220 518
Oct 1708 349 679 555 890 648 377 1134 175 256
Nov 246 550 919 621 624 481 580 556 1496 7038
Dec 210 427 757 477 878 579 565 543 322 748
Annual | 7080 8084 797.6 8444 8108 772.6 7108 8700 7850 700.7

The Technical Rules split water demand into two categories: allocated quantity of water of the
intake (as per Rule 101) and other water uses (as per Rule 99). Demand from allocated quantity
of water of the intake should be representative for the study period (2005-2010). It was defined

in Section 5.

Other water uses, as per Rule 99, are only required to be assessed if there is an existing system
with committed demand or a planned system i.e. Scenarios E(1) and E(2). For Scenarios A and
B the assumption is that other water uses such as wastewater assimilation (30 L/s), recreation
(including any navigation on and between the lakes) and aquatic habitat are incorporated into the
operational rule curves. Three rule curves for Loch Garry Lake, Middle Lake and Mill Pond
were incorporated in HSPF; therefore, the requirements of these water uses were taken into

account.
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It should be noted that there are no other planned municipal systems in the Alexandria local area.

The scenarios that are required to be assessed are outlined in Sections 6.2 and 6.3.

6.2 Risk Scenario A

The period of available climate and stream flow data was used with the existing land cover. The
actual municipal pumping rates were used and non-municipal takings were assumed to be zero.
The Mill Pond water levels were compared with the shut-off water level of 81.1 m as defined in
Section 2.4.

The HSPF model was not used for Scenarios A since the observed daily Mill Pond water levels
were available for the period between 1990 and 2010. These actual water levels reflect a

combination of actual water demands and wastewater assimilation flow.

The graphical results of actual water level fluctuations in Mill Pond in 1990-2010 are shown in
Figures 16 to 21. It can be seen that the water levels never drop below the shut-off water level.
It was confirmed by our communication with the WTP operator, the intake was never shut-off in

the past due to low water levels.

As an additional step, not required by the Rules, the observed water levels for 1990-2010 were
compared with the critical water level (as defined in Section 2.4) and the results are summarized
in Table 12. It can be seen that at least on 74 days the actual water level dropped below the
critical water level during 1990-2010. The low water levels can be explained by dry conditions
and high water demands (Table 13). These drops resulted in measurable and undesirable
impacts to drinking water intake, highlight the sensitivity of the system and potentially put the
intake at some risk. It is worth to note, that in the study period (2005-2010), after the closure of
Consoltex, the water levels in Mill pond never dropped to the critical water level. When it was

operational, Consoltex was consuming about 30% of all drinking water in Alexandria.
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Table 12. Minimum Water Levels in Mill Pond for Scenario A
MIN Observed Month when MIN | # of Days WL <= Months when WL <=
Year WL WL was observed 81.4m 81.4m
1991 81.364 Sept 11 Nov, Sept
1997 81.339 Sept 38 Aug, Sept, Dec
1998 81.372 Nov 5 Oct, Nov, Dec
1999 81.369 Sept 8 Aug, Sep
2000 81.397 Jan 1 Jan
2003 81.292 Nov 2 Nov
Table 13. Annual Precipitation and Water Demand for Years with Low Water Level
Years Annual Precipitation*, mm Average Water Demand, m*/day
1991 826 n/a
1997 806 4,467
1998 858 3,496
1999 832 3,509
2000 1,026 4,600
2003 1,072 3,906

* Precipitation data shown for Cornwall. Source: National Climate Data and Information Service, Environment
Canada

6.3 Risk Scenario B

Scenario B requires using the 2 and 10-year drought scenarios. 1955-1964 climate inputs were
used for the ten year drought simulation and 1960-1961 climate data were used for the two year
drought simulation. The average municipal pumping rates were applied to the HSPF simulation
and non-municipal takings were assumed to be zero. The Mill Pond water levels were compared
with the shut-off water level as defined in Section 2.4. The results of water level simulation are
shown in Figure 23. It can be seen that the shut-off water elevation was not reached during the
drought conditions and average pumping rates as long as the operational rule curves objectives

for all three dams are met.

6.4 General Observations

The following section is not required by the Technical Rules and scope of the project. It was
added for the benefits of RRCA.

Mill Pond has a relatively small storage. During low water levels, when there are only 2 or 3
stop-logs, the pond storage is very sensitive to demands. Figure 27 shows the observed water
level in the pond during the spring of 2008 when three stop logs were removed to significantly
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drain Mill Pond in anticipation of a large volume of incoming water from the spring freshet. It
can be seen that, generally, the demands and water levels shift in opposite directions, i.e. higher
demands correspond to lower water levels. On the contrary, during high levels (i.e. fall period),
when 5-6 stop logs are in place, Mill Pond storage is relatively insensitive to high demands as
illustrated in Figure 28.

The Mill Pond volume rating curve (Figure 29) was used to conduct the water demand test on
the Mill Pond storage. The question was how many days can the WTP pump water from the
pond until its water level reaches critical thresholds. The assumption for this test was that no
precipitation occurs in the watershed and water inflow to the pond is equal to lake evaporation
from the pond surface. Table 14 indicates that it takes 11 days to reach the minimum

operational level and 23 days to reach the critical water level based on the average pumping rate.

Table 14. Impact of Water Demand of Water Storage in Mill Pond
Minimum Operational Level Critical Water Level
(NWL - 0.1 m) (NWL - 0.2 m)
Volume=124,700 m? Volume=187,050 m?

Average Pumping Rate (24 L/s) and 13 days 27 days

Wastewater Assimilation (30 L/s)

Maximum Study Period Pumping Rate (34 | 11 days 23 days

L/s) and Wastewater Assimilation (30 L/s)

Maximum Permitted Pumping Rate (65 L/s) | 8 days 15 days

and Wastewater Assimilation (30 L/s)

The frequency analysis of precipitation for the 10-year drought period (1955-1964) shows that
the number of occurrences to have 11 consecutive days with no precipitation during the 10-year
drought period is 1.6 times per year (Table 15).

Table 15. Frequency analysis of consecutive days with no precipitation for 1955-1965

# of consecutive days | 18 days| 17 days| 16 days | 15days | 14days | 13days | 12days | 11 days | 10 days
with no precipitation

# of occurrences in 1 2 4 5 7 8 10 16 20
1954-1965

The results presented above confirm that the water level in Mill Pond is sensitive to pumping
rates especially when the water levels are low. It is critical to maintain sufficient storage in

Middle Lake and Loch Garry during high demands and adverse meteorological conditions.
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Though it was not required by the Technical Rules the impact of allocated pumping rates on the
provincially significant wetlands (i.e. Loch Garry wetlands) was examined. The available
observed water levels in Loch Garry and simulated water levels for the two and ten year drought
were analyzed. The observed water levels in Loch Garry are shown in Figures 24 and 25. The
water levels during the drought conditions are shown in Figure 26. The normal water level in
Loch Garry is 89.1 masl. The largest historical drop in water level to 88.4 masl, was observed in
September 2007. It is believed that a short term water level drop of 0.7 m at the end of
vegetation season in Loch Garry does not cause “measurable and potentially unacceptable
impacts to aquatic habitat and provincially significant wetlands”.

6.5  Assignment of Risk Level

Table 10 summarizes the circumstances to be taken into account for each scenario in order to
assign significant, moderate or low risk for each type of drinking water system. It is notable that
since the Alexandria system does not have Scenarios E(1)-E(3) it can not have a moderate risk.

It can only have significant or low.

The Mill Pond water levels were compared with the shut-off water level in Sections 6.2 and 6.3.
No instances of the water levels dropping below the shut-off level were recorded. Therefore, it
does not provide basis for assigning significant risk. As the result, the local area was assigned a

low risk level.

It should be noted that a “low” risk to the local area assumes that there will be no new
developments in the Alexandria local area, and therefore no significant increases in impervious

areas or conversion of existing land cover upstream of Mill Pond Dam.

7. UNCERTAINTY ANALYSIS

According to the Technical Rules, the uncertainty of the risk level for a local area has to be
assigned in a Tier 3 Water Budget. Rule 108 provides two options for this uncertainty: “low” or
llhigh11.

The following factors have to be considered when assigning the uncertainty:
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e The distribution, variability, quality and relevance of the data used to evaluate the
scenarios;

e The degree to which the methods and models used to evaluate the scenarios accurately
reflects the hydrologic system of the local area for both steady state and transient
conditions;

e The quality assurance and control procedures used in evaluating the scenarios.

The uncertainty may override the results of scenario circumstances (Sections 6.2 and 6.3) and
lead to a local area having a significant risk. This result happens if the uncertainty is “high” and
a sensitivity analysis of the data used to prepare the water budget for the local area suggests that
the risk level for the local area could be significant (Rule 108.1).

Input data for HSPF include extensive, long-term, hourly meteorological data and observed daily
water levels and flows in the Delisle River, Mill Pond, Middle Lake and Loch Garry Lake. The
HSPF model was satisfactorily calibrated to 3 gauges, the rule curves for each lake were

incorporated into HSPF, and actual known pumping rates were used.

It should be noted that the model does its prediction assuming that the rule curve is followed in
all three lakes. However, a manual stoplog operation depends on many subjective and objective
factors and circumstances may exist when actual operation of stop-logs does not necessary

correspond to the operational rule curves.

Quality assurance and quality control maintained in the study were those typically applied in

hydrological modelling studies.

Following the evaluation criteria set out in the Technical Rules and the above discussion, the
uncertainty for the local area has been assessed as “low”. Since the uncertainty is “low”, the
conditions specified in Rule 108.1 do not exist and, hence, the local area does not have a

significant risk.
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8. CONCLUSIONS

Following the Technical Rules (MOE, 2011), tolerance, uncertainty and risk have been assigned

to the Alexandria local area.

The local area for the Alexandria surface water intake was defined as the drainage area of the
Garry River watershed. The surface and ground watersheds were assumed to have the same

boundary because there is no sufficient information to the contrary.

The analysis of a tolerance level of the Alexandria intake indicated that at all times during the
assessment, including two and ten year droughts, the system is capable of meeting the peak
demand. The intake was not exposed nor was the shut off water elevation reached. Therefore, a

tolerance level of “high” can be assigned to the Alexandria drinking water system.

It was shown that many instances were recorded where the water level in Mill Pond dropped
below the critical water level (81.4 m). These drops highlight the sensitivity of the system.
Under normal operating conditions, these drops result in measurable and undesirable impacts to
drinking water intake. This potentially puts the intake at some risk. It is recommended that a
revised Risk Assessment (Scenarios A and B) be undertaken should additional significant

demands be added to or planned for (Scenarios E and F) the local area.

No instances were recorded when the water level in Mill Pond dropped below the shut-off water

level. Therefore, the local area has a low risk level.

Following the evaluation criteria set out in the Technical Rules the uncertainty of the risk level

for the local area has been assessed as ‘low’.

As a general observation it was noted that the water level in Mill Pond is sensitive to pumping
rates especially when the water levels are low. It is critical to maintain sufficient storage in
Middle Lake and Loch Garry during high demands and adverse meteorological conditions.
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Mill Pond Volume Rating Curve
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APPENDIX A. Example of a User’s Control File

RUN
GLOBAL
UCI Created by WinHSPF for 090921
START  2002/01/01 00:00 END 2004/12/31 24:00
RUN INTERP OUTPT LEVELS 1 0
RESUME ORUN 1 UNITS 1
END GLOBAL

FILES
<FILE> <UN#>***<----FILE NAME >
MESSU 24 delisle.ech
91 delisle.out
WDM1 25 project.wdm
WDM2 26 raisin.wdm
BINO 92 delisle.hbn
END FILES

OPN SEQUENCE
INGRP INDELT 01:00
PERLND 101
PERLND 102
PERLND 103
PERLND 104
PERLND 105
PERLND 106
PERLND 107
PERLND 108
PERLND 109
PERLND 110
PERLND 111
IMPLND 101
IMPLND 102
IMPLND 103
IMPLND 104
IMPLND 105
IMPLND 106
IMPLND 107
RCHRES 1
RCHRES 15
RCHRES 2
RCHRES 7
RCHRES 3
RCHRES 4
RCHRES 12
RCHRES 5
RCHRES 6
RCHRES 9
RCHRES 8
RCHRES 10
RCHRES 14
RCHRES 13
RCHRES 11
RCHRES 16
COPY 1
END INGRP
END OPN SEQUENCE

PERLND
ACTIVITY
*rE <PLS > Active Sections Frk
*** x - x ATMP SNOW PWAT SED PST PWG PQAL MSTL PEST NITR PHOS TRAC ***
1011112 1 1 1. 0 0 0O O O O O OO
END ACTIVITY

PRINT-INFO
*** < PLS> Print-flags PIVL PYR
**%x - X ATMP SNOW PWAT SED PST PWG PQAL MSTL PEST NITR PHOS TRAC



101111 4 4 4 4 4 4 4 4 4 4 4 4 1 9
END PRINT-INFO

BINARY-INFO

***k < PLS> Binary Output Flags PIVL PYR

**% x -X ATMP SNOW PWAT SED PST PWG PQAL MSTL PEST NITR PHOS TRAC
101111 4 4 4 4 4 4 4 4 4 4 4 4 1 9
END BINARY-INFO

GEN-INFO
Fkk Name Unit-systems Printer BinaryOut
*** <PLS > t-series Engl Metr Engl Metr
FEEX - X in out
101 AGCa
102 AGCb
103 AGCd
104 FORa
105 FORb
106 FORd
107 URBN
108 ROCK
109 SCHR
110 WATR
111  WETL
END GEN-INFO

NN SN

©0w8Y8wwowv
N R

N

PpPRrRrPPP R e
[{e]
N

P PRrRrPPP e
coPoo®PePooo
co®Poo®Pe®Pooo
coPooPPCPooo

©
N

ATEMP-DAT
***<pPLS> ELDAT AIRTEMP
*rr - X (ft) (degF)

101 111 716 60

END ATEMP-DAT

ICE-FLAG
*** <PLS > Ice-
*** x - x flag
101 111 1
END ICE-FLAG

SNOW-FLAGS

ok PLS >

%% x - x SNOP VKM
101111 0 0
END SNOW-FLAGS

SNOW-PARM1

***<PLS> LAT MELEV SHADE SNOWCF COVIND KMELT TBASE
*** x -x degrees  (ft) (in) (in/d.F) F

101 111 453 280 0.080547 1.0 8 0
END SNOW-PARM1

32

SNOW-PARM?2

***<PLS> RDCSN TSNOW SNOEVP CCFACT MWATER MGMELT
FHE K- X (deg F) (in/day)

101 109 0.2 3055 0.01 0.5 0.019274 0.01

***<PLS> RDCSN TSNOW SNOEVP CCFACT MWATER MGMELT

FHE K- X (deg F) (in/day)

110 0.2 3055 1 05 0.019274 0.01
***<PLS> RDCSN TSNOW SNOEVP CCFACT MWATER MGMELT
FHE K- X (deg F) (in/day)

111 0.2 3055 0.01 050019274 0.01

END SNOW-PARM2

SNOW-INIT1
***% <PLS > Pack-snow Pack-ice Pack-watr RDENPF DULL PAKTMP
Rk x-x (in) (in) (i) (deg F)

101 16 2 5 04 400 32
***% <PLS > Pack-snow Pack-ice Pack-watr RDENPF DULL PAKTMP
Rk x-x (in) (in) (i) (deg F)

102 111 16 2 5 06 400 32

END SNOW-INIT1
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SNOW-INIT2

**% <PLS> COVINX XLNMLT SKYCLR
*xr - X (in)  (in)

101 111 0.01 0. 05

END SNOW-INIT2

PWAT-PARM1
*Hk <PLS > Flags

***x - x CSNO RTOP UZFG VCS VUZ VNN VIFW VIRC VLE IFFC HWT IRRG IFRD

101112 1 1 1.1 0 0 0 01 1 0 0O
END PWAT-PARM1

PWAT-PARM2
*** <PLS> FOREST LZSN INFILT LSUR SLSUR KVARY
o Y x @in) @in/hr)  (ft) (1/in) (1/day)

101 0 11.82429 0.0565 3501.01167E-4 4.887 0.9699
*** <PLS> FOREST LZSN INFILT LSUR SLSUR KVARY
Y x @in) @in/hr)  (ft) (1/in) (1/day)

102 0 1024 005 3501.01167E-4 4.887 0.9699

*x* <PLS> FOREST LZSN INFILT LSUR SLSUR KVARY
Y- @in) @in/hr)  (ft) (1/in) (1/day)

103 0 5 003 3501.01167E-4 4.887 0.9699

*x* <PLS> FOREST LZSN INFILT LSUR SLSUR KVARY
o Y -x @in) @in/hr)  (ft) (1/in) (1/day)

104 05 11.82429 0.062  3501.01167E-4 4.887 0.9699
*** <PLS> FOREST LZSN INFILT LSUR SLSUR KVARY
o Y -x @in) @in/hr)  (ft) (1/in) (1/day)

105 0. 65 006 3501.01167E-4 4.887 0.9699

*x* <PLS> FOREST LZSN INFILT LSUR SLSUR KVARY
Y- x @in) @in/hr)  (ft) (1/in) (1/day)

106 0. 45 004 3501.01167E-4 4.887 0.9699

*** <PLS> FOREST LZSN INFILT LSUR SLSUR KVARY
Y- @in) @in/hr)  (ft) (1/in) (1/day)

107 0 3 003 3501.01167E-4 4.887 0.9699

*x* <PLS> FOREST LZSN INFILT LSUR SLSUR KVARY
o Y- @in) @in/hr)  (ft) (1/in) (1/day)

108 0 3 001 3501.01167E-4 4.887 0.9699

*** <PLS> FOREST LZSN INFILT LSUR SLSUR KVARY
Y @in) @in/hr)  (ft) (1/in) (1/day)

109 0.05 2 003 3501.01167E-4 4.887 0.9699
***<PLS> FOREST LZSN INFILT LSUR SLSUR KVARY

Y- @in) @in/hr)  (ft) (1/in) (1/day)

110 0 14 03 3501.01167E-4 4.887 0.9699

*** <PLS> FOREST LZSN INFILT LSUR SLSUR KVARY
Y X @in) @in/hr)  (ft) (1/in) (1/day)

111 0 2 005 3501.01167E-4 4.887 0.9699

END PWAT-PARM2

PWAT-PARM3

*** <PLS> PETMAX PETMIN INFEXP INFILD DEEPFR BASETP AGWETP

***x -x (degF) (degF)
101 109 33.359 30 2. 2. 01 0 00

*** <PLS> PETMAX PETMIN INFEXP INFILD DEEPFR BASETP AGWETP

***x -xX (degF) (degF)
110 111 29 28 2. 2. 01 02 04
END PWAT-PARM3

PWAT-PARM4
***<PLS> CEPSC UZSN NSUR INTFW IRC LZETP
Rk x-x (in) (i) (1/day)

101 107 0.1 1.338.398233515 8.3172 0.6693 0.7
***<PLS> CEPSC UZSN NSUR INTFW IRC LZETP

Rk x-x  (in) (i) (1/day)

108 0.1 1.338.398233515 8.3172 0.6693 0.7
***<PLS> CEPSC UZSN NSUR INTFW IRC LZETP
R x-x  (in) (i) (1/day)

109 0.1 1.338.398233515 8.3172 0.6693 0.7
***<PLS> CEPSC UZSN NSUR INTFW IRC LZETP
R x - x  (in) (i) (1/day)

AGWRC

AGWRC

AGWRC

AGWRC

AGWRC

AGWRC

AGWRC

AGWRC

AGWRC

AGWRC

AGWRC
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110 0.1 2 05 83172 0.6693 1

***<PLS> CEPSC UZSN NSUR INTFW IRC LZETP

Rk x-x  (in)  (in) (1/day)
111 0.1 2 0.3982 8.3172 0.6693 1
END PWAT-PARM4

PWAT-STATE1

*** < PLS> PWATER state variables (in)

***x -x CEPS SURS UzS [IFWS LZS AGWS
101 111 001 001 11 005 55 001 0.01
END PWAT-STATE1

MON-INTERCEP
*** <PLS > Interception storage capacity at start of each month (in)
***x- x JAN FEB MAR APR MAY JUN JUL AUG SEP OCT
101103 0 0 0010202020201 0 0 O
*** <PLS > Interception storage capacity at start of each month (in)
***x- x JAN FEB MAR APR MAY JUN JUL AUG SEP OCT
104 106 0.050.05 0.10.150.250.250.250.250.15 0.1 0.10.05
*** <PLS > Interception storage capacity at start of each month (in)
***x- x JAN FEB MAR APR MAY JUN JUL AUG SEP OCT
107 108 0 00.050.050.050.050.050.050.05005 0 O
*** <PLS > Interception storage capacity at start of each month (in)
***x- x JAN FEB MAR APR MAY JUN JUL AUG SEP OCT
109 0 00.050.050.050.050.050.05005 0 0 O
*** <PLS > Interception storage capacity at start of each month (in)
***x- x JAN FEB MAR APR MAY JUN JUL AUG SEP OCT
110111 0 0 0 0 0 0 O 0 O O O O
END MON-INTERCEP

MON-LZETPARM

*** <PLS > Lower zone evapotransp parm at start of each month
***x- x JAN FEB MAR APR MAY JUN JUL AUG SEP OCT
101 103 0.2 0.2 0.3 0.3 0.4 04 0.4 04 04 03 0.2 0.2

*** <PLS > Lower zone evapotransp parm at start of each month
***x- x JAN FEB MAR APR MAY JUN JUL AUG SEP OCT
104 106 0.2 0.2 0.30.850.850.850.850.850.85 0.3 0.2 0.2
*** <PLS > Lower zone evapotransp parm at start of each month
***x- x JAN FEB MAR APR MAY JUN JUL AUG SEP OCT
107 0101030303030303030.20101

*** <PLS > Lower zone evapotransp parm at start of each month
***x - x JAN FEB MAR APR MAY JUN JUL AUG SEP OCT
108 109 0.2 0.2 0.3 0.3 0.4 04 0.4 04 04 0.3 0.2 0.2

*** <PLS > Lower zone evapotransp parm at start of each month
***x - x JAN FEB MAR APR MAY JUN JUL AUG SEP OCT
110 111 151515151515 151515151515

END MON-LZETPARM

END PERLND

IMPLND
ACTIVITY

FrxLILS > Active Sections

**%k x - Xx ATMP SNOW IWAT SLD IWG IQAL
101107 1 1 1 0 0 O
END ACTIVITY

PRINT-INFO

**% X - X ATMP SNOW IWAT SLD WG IQAL **xxkdk
101 107 4 4 4 4 4 4 1 9
END PRINT-INFO

BINARY-INFO

*** <|LS > **** Binary-Output-flags **** PIVL PYR

**k x - X ATMP SNOW IWAT SLD WG IQAL ****skxsk
101 107 4 4 4 4 4 4 1 9
END BINARY-INFO

GEN-INFO

GWVS

NOV

NOV

NOV

NOV

NOV

NOV

NOV

NOV

NOV

NOV

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC
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Fkx Name Unit-systems Printer BinaryOut
*H* <|LS > t-series Engl Metr Engl Metr
R X - X in out
101 AGCb
102 AGCd
103 FORb
104 FORd
105 URBN
106 ROCK
107 SCHR
END GEN-INFO

92 0
92 0
92 0
92 0
92
92
92

PphrRprPP R
PphppRpPP R
OCoo®CPoo
OCoo®Poo

S oo

ATEMP-DAT
***<|LS> ELDAT AIRTEMP
**xxx.x () (deg F)

101 107 716 60

END ATEMP-DAT

ICE-FLAG
**% <ILS > Ice-
*** x - x flag
101 107 1
END ICE-FLAG

SNOW-FLAGS
**%*x - XxSNOP VKM

101 107 0 ©

END SNOW-FLAGS

SNOW-PARM1
***<|LS> LAT MELEV SHADE SNOWCF COVIND KMELT TBASE
=%y -x degrees  (ft) @in) (in/d.F)  (F)

101 107 453 280 008054 10 8 0 3
END SNOW-PARM1

2

SNOW-PARM2

***<]LS> RDCSN TSNOW SNOEVP CCFACT MWATER MGMELT
FHRE X - X (deg F) (in/day)

101 107 0.2 3055 0.1 05 001927 0.01

END SNOW-PARM2

SNOW-INIT1
*** <|LS > Pack-snow Pack-ice Pack-watr RDENPF DULL PAKTMP
***x - x (in) (in) (in) (deg F)

101 102 15 0 0.02 04 400 32

103 15 2 002 04 400 32

104 106 15 0 002 04 400 32

107 15 2 002 04 400 32

END SNOW-INIT1

IWAT-PARM1

R LILS > Flags

*** x - X CSNO RTOP VRS VNN RTLI
101107 1 0 0 0 O
END IWAT-PARM1

IWAT-PARM2
***<ILS> LSUR SLSUR NSUR RETSC
R - x (ft) (in)

101 104  3501.01167E-4.398233515 0.1
***<|LS> LSUR SLSUR NSUR RETSC

R - x () (in)

105 3501.01167E-4.398233515 0.1
***<|LS> LSUR SLSUR NSUR RETSC
- x o (ft) (in)

106 3501.01167E-4.398233515 0.1
***<|LS> LSUR SLSUR NSUR RETSC
- x () (in)

107 3501.01167E-4.398233515 0.1



END IWAT-PARM2

IWAT-PARM3
*** <|LS> PETMAX PETMIN
*** x- X (degF) (degF)

101 107 32.87097 30

END IWAT-PARM3

IWAT-STATEL
*** <|LS > IWATER state variables (inches)
***x-x RETS SURS

101 107 0.01 0.01

END IWAT-STATE1

END IMPLND

RCHRES
ACTIVITY
*** RCHRES Active sections
*** x - X HYFG ADFG CNFG HTFG SDFG GQFG OXFG NUFG PKFG PHFG
116 1 0 0 0 00O OO0TO
END ACTIVITY

PRINT-INFO
*** RCHRES Printout level flags
*** x - xXHYDR ADCA CONS HEAT SED GQL OXRX NUTR PLNK PHCB PIVL PYR
116 4 4 4 4 4 4 4 4 4 4 1 9
END PRINT-INFO

BINARY-INFO
*** RCHRES Binary Output level flags
*** x - X HYDR ADCA CONS HEAT SED GQL OXRX NUTR PLNK PHCB PIVL PYR
116 4 4 4 4 4 4 4 4 4 4 1 9
END BINARY-INFO

GEN-INFO
Fhx Name Nexits Unit Systems Printer
*** RCHRES t-series Engl Metr LKFG
*EE X - X in out

1 Loch Lake inflow 1 1 191 009 0
Hkk Name Nexits Unit Systems Printer
*** RCHRES t-series Engl Metr LKFG
K- X in out

2 Loch lake 1 1 191 019 0
Fkk Name Nexits Unit Systems Printer
*** RCHRES t-series Engl Metr LKFG
R X - X in out

3 Loch Dam 1 1191 0 092 0
Fkx Name Nexits Unit Systems Printer
*** RCHRES t-series Engl Metr LKFG
*EE X - X in out

4 Middle Lake inflow 1 1 191 0 09 0
Fhx Name Nexits Unit Systems Printer
*** RCHRES t-series Engl Metr LKFG
R - X in out

5 Middle Lake 1 1 1191 0109 0
Fkk Name Nexits Unit Systems Printer
*** RCHRES t-series Engl Metr LKFG
R X - X in out

6 Middle Lake 2 1 1191 0 1092 0
Frx Name Nexits Unit Systems Printer
*** RCHRES t-series Engl Metr LKFG
FHE K- X in out

7 West Trib Mill Pond 1 1 191 009 0
Fhx Name Nexits Unit Systems Printer
*** RCHRES t-series Engl Metr LKFG
FHE K- X in out

8 Mill Pond inflow Gar 1 1 191 009 0
ke Name Nexits Unit Systems Printer
*** RCHRES t-series Engl Metr LKFG
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FrEX - X in out

9 Garry River 1 1 1 191 0 092 0
Fhx Name Nexits Unit Systems Printer
*** RCHRES t-series Engl Metr LKFG
FEEX - X in out

10  Mill Pond 1 1 191 019 0
Fkx Name Nexits Unit Systems Printer
*** RCHRES t-series Engl Metr LKFG
FHRE X - X in out

11 02MCO028 DelisleE. A 1 1191 0 09 0
Fkx Name Nexits Unit Systems Printer
*** RCHRES t-series Engl Metr LKFG
FEEX - X in out

12 Delisle North Gauge 1 1 191 000920
folaiel Name Nexits Unit Systems Printer
*** RCHRES t-series Engl Metr LKFG
R X - X in out

13 Delisle at Garry Riv 1 1 191 0 092 0
Fhx Name Nexits Unit Systems Printer
*** RCHRES t-series Engl Metr LKFG
*FEEX - X in out

14  Garry Downstream Mil 1 1 191009 0
Fkx Name Nexits Unit Systems Printer
*** RCHRES t-series Engl Metr LKFG
K- X in out

15 Delisle upstream 1 1 191 00092 0
Fkk Name Nexits Unit Systems Printer
*** RCHRES t-series Engl Metr LKFG
FHEEX - X in out

16  Delisle at Quebec bo 1 1 191 0 0092 0
END GEN-INFO

HYDR-PARM1

Fhx Flags for HYDR section
***RC HRES VC Al A2 A3 ODFVFG for each *** ODGTFG for each FUNCT for each
*** x -X FG FG FG FG possible exit *** possible exit possible exit
116 0111 40000 00000 11111
END HYDR-PARM1

HYDR-PARM2

*** RCHRES FTBWFTBU LEN DELTH STCOR KS DBS50
Y X (miles)  (ft)  (ft) (in)

1 0.1 104 16 32 05 001
2 0. 2 209 3 32 05 001
3 0.3 063 4 285 05 001
4 0.4 109 5 32 05 001
5 0 5 058 2 32 05 001
6 0.6 103 4 32 05 001
7 0 7 174 6 32 05 001
8 0 8 08 4 32 05 001
9 0. 9 18 17 32 05 001
10 0. 10 06 4 263400 05 001
11 0. 11 257 11 32 05 001
12 0. 12 566 36 32 05 001
13 0. 13 08 8 32 05 001
14 0. 14 148 38 32 05 001
15 0. 15 68 37 32 05 001
16 0. 16 922 27 32 05 001

END HYDR-PARM2

MON-CONVF
*** RCHRES Monthly f(VOL) adjustment factors
***x- x JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1 160.97 0.89 0.89 0.91 0.93 0.93 0.94 0.95 0.95 0.98 0.98 0.97
END MON-CONVF

HYDR-INIT
Fhx Initial conditions for HYDR section
***RC HRES VOL CAT Initial value of COLIND initial value of OUTDGT
***x -x ac-ft  foreach possible exit for each possible exit,ft3
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1 001 4245454542 2112051218
faleie Initial conditions for HYDR section
***RCHRES  VOL CAT Initial value of COLIND initial value of OUTDGT
***x -x ac-ft foreach possible exit for each possible exit,ft3

2 01 4245454542 2112051218
Fkx Initial conditions for HYDR section
***RC HRES VOL CAT Initial value of COLIND initial value of OUTDGT
***x -x ac-ft  foreach possible exit for each possible exit,ft3

3 85 4245454542 2112051218
Fkx Initial conditions for HYDR section
***RC HRES VOL CAT Initial value of COLIND initial value of OUTDGT
*** x -x ac-ft foreach possible exit for each possible exit,ft3

4 8 001 4245454542 2112051218
faleied Initial conditions for HYDR section
***RCHRES  VOL CAT Initial value of COLIND initial value of OUTDGT
***x -x ac-ft foreach possible exit for each possible exit,ft3

9 01 4245454542 2112051218
Fhx Initial conditions for HYDR section
***RCHRES  VOL CAT Initial value of COLIND initial value of OUTDGT
***x -x ac-ft  foreach possible exit for each possible exit,ft3

10 70 4245454542 2112051218
Fkx Initial conditions for HYDR section
***RC HRES VOL CAT Initial value of COLIND initial value of OUTDGT
***x -x ac-ft foreach possible exit for each possible exit,ft3

11 16 001 4245454542 2112051218

END HYDR-INIT

HYDR-CATEGORY
Fkk Categories specified for Outflows, Precipitation and Evaporation
*** RCHRES Categories associated with:
*** x - x prec evap fvl fv2 fv3 fv4 fvs5 gt
1 16 0
END HYDR-CATEGORY

HYDR-CFVOL
*** RCHRES Category Fractions and Priorities for F(VOL) Outflow
***x - x cxpr frac cxpr frac cxpr frac cxpr frac
116 0.0 0 0.0. 0 0.0 0 0.0. O
END HYDR-CFVOL

HYDR-CDEMAND
Fhx Category Priorities and Initial Values for G(T) Demands
*** RCHRES c x Priority COTDGT c¢ x Priority COTDGT
*rE - X (yyyy/mm/dd) (cfs)  (yyyy/mm/dd) (cfs)

116 0. 0 o 0

END HYDR-CDEMAND

END RCHRES

FTABLES

FTABLE 1

rows cols Fkx
9 4

depth  area volume outflowl ***
0.00 0.00 0.00 0.00
0.5 1.7 043 311
1 3.4 1.7 19.72
15 51 3.83 58.15
2 6.8 6.8 125.22
25 9127 3132 1327
3 18451 100.26 1159.85
3.5 193.26 194.71 3457.62
4 19413 291.55 6753.42
END FTABLE 1

FTABLE 15
rows cols falale
21 4
depth  area volume outflowl ***
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0.00
0.5
1
15
2
25
3
35
4
4.5
5
5.5
6
6.5
7
7.5
8
8.5
9

0.00 0.00
1475  3.69
17.02 11.63
19.29 20.71
21.56 30.92
23.84 4227
26.11 54.76
28.38 68.38
30.65 83.14
3292 99.03
35.2 116.06

0.00
6.55
21.49
43.82
73.52
110.84
156.1
209.68
271.95
343.32
424.18

37.47 134.23 514.92

39.74 15353

615.94

42,01 173.96 727.62

4428 195.54

850.34

237.44 265.97 536.76
314.87 404.05 850.95
392.29 580.84 1307.53
469.72 796.34 1926.99

9.5 547.15 1050.56 2729.6

10 624.57 1343.49 3734.93
END FTABLE 15

FTABLE 2
rows cols

18 4
depth
0.00
0.5
1
15
2
25
3
35
4
45
5
55
6
6.5
7
7.5
8

*k*k

area volume outflowl ***

0.00 0.00
2.68 0.67
287 2.06
3.06 354
325 511
343 6.78
3.62 855
3.81 1041
403 1237
1491 171
7351 39.21
106.78 84.28
11596 139.97

0.00
2.24
7.01
13.68
22.02
31.91
43.33
56.23
70.32
61.09
67.13
202.57
453.79

123.74 199.89 788.76

131.56 263.72

1204.49

138.07 331.13 1705.98

144.1 401.67

2290.77

8.5 148.38 474.79 2970.19
END FTABLE 2

FTABLE 7
rows cols faieid
8 4
depth  area volume outflowl ***
0. 135 0. 0.
006 138 009 0.05
063 162 094 235
079 169 121 341
099 51 22 459
119 527 323 849
20.41 2151 260.55 4818.33
39.63 37.76 830.13 2272091
END FTABLE 7
FTABLE 3
rows cols el
12 4
depth  area volume outflowl ***
0.00 7413 0.00 0.
2.95 1415.88 0. 212
3.01 141835 96.47 212
3.08 1420.83 183.22 247
3.34 1435.65 555.33 7.06
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3.87 1507.31 1326.31 22.6
4.06 1524.61 1625.45 30.02
419 153220 1824.08 39.2
452 1569.09 2334.82 74.87
485 1581.44 2856.91 122.19
5.18 1630.86 3391.16 177.99
5.83 1704.99 449533 310.07
END FTABLE 3
FTABLE 4
rows cols el
15 4
depth  area volume outflowl ***
0.00 0.00 0.00 0.00
05 352 088 1094
1 357 265 34.26
15 362 445 66.49
2 367 627 106.12
25 372 812 152.23
3 377 999 204.13
35 382 11.89 261.36
4 388 1382 32351
45 393 1577 390.28
5 398 17.74 46142
55 403 19.75 536.72
6 442 2186 592.16
6.5 6.29 2454 593.46
7 17.01 30.36 594.84
END FTABLE 4
FTABLE 12
rows cols il
18 4
depth  area volume outflowl ***
0.00 0.00 0.00 0.00
05 944 236 522
1 115 759 1753
15 1355 1386 36.54
2 156 2114 62.63
25 1765 2946 96.3
3 1971 388 138.07
35 2176 49.16 1885
4 2381 60.56 248.13
45 2587 7298 3175
5 27.92 8643 397.14
55 29.97 1009 487.55
6 32.03 1164 589.25
6.5 34.08 132.93 702.74
7 36.13 150.48 828.49
75 3819 169.06 967
8 40.24 188.66 1118.73
85 4229 2093 3284.14
END FTABLE 12
FTABLE 5
rows cols Foxx
8 4
depth  area volume outflowl ***
0. 172 0. 0.
016 174 0.27 1.
158 192 287 46.01
197 197 364 66.71
246 594 654 86.68
296 6.07 9.5 159.05
50.76 18.29 591.68 71653.15

98.56 30.5 1757.85310366.22

END FTABLE 5

FTABLE 6
rows cols

*k*k
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11 4
depth  area
0. 148.26
229 3583
2.62 4349
3.14 543.62
3.47 617.75
3.57 654.82
3.7 679.53
3.8 691.88
403 7413
429 770.95
478 864.85
END FTABLE 6

FTABLE 9
rows cols
23 4

depth  area
0.00 0.00

05 5.29

1 544

15 559

2 573

25 588

3 15.18
35 18.77

4 2239
45 25.89

5 28.69
55 31.23

6 3331

6.5 354

7 3761
7.5 40.45

8 43.14

85 451

9 47.06
9.5 49.02
10 50.98
105 51.97
11 5296

volume outflowl ***

0. 0.

0. 212
13295 212
393.19 16.24
587.76  36.02

651.8 42.73
740.17 52.62
809.08 60.39

977.7 79.81
1186.86 104.18
1578.43 229.19

*kk

volume outflowl ***

0.00 0.00
132 6.08
401 1911
6.76 37.27
9.6 59.78
125 86.19
17.76  75.15
26.25 124.16
36.54 191.23
48.61 278.79
62.25 393.05
7723 5317
93.37 697.99
110.55 887.64
128.8 1099.08
148.31 1324.82
169.21 1581.27
191.27 1882.6
214.31 2211.63
238.33 2568.98
263.33 2955.26
289.07 3387.91
315.3 3847.26

END FTABLE 9

FTABLE 8
rows cols
20 4
depth  area
0.00 0.00
05 2.08
1 212
15 215
2 218
25 222
3 225
35 228
4 467
45 521

*k*k

volume outflowl ***

0.00 0.00
052 814
157 2531
2.64 48.79
3.72 7742
4.82 110.45
594 147.39
7.07 187.85
8.81 175.57
11.28 243.28

5 574 1401 32454

55 6.27

17.02 420.26

6 6.81 20.29 53135

65 7.34

23.83 658.65

7 7.88 27.63 803.01

75 123
8 1434
85 1691
9 20.84
95 2222

32.67 787.87
39.33 971.37
47.15 1176.47
56.59 1393.19
67.35 1749.9

END FTABLE 8
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FTABLE 10
rows cols
11 4

depth  area
0.00 12.36
295 66.72
3.61 86.49
3.64 87.23
3.74 88.96
3.94 96.37
4.33 155.67
4.46 168.03
4,62 182.85
4,95 199.41
5.25 229.80

*k*k

volume outflowl ***
0.00 0.
0. 1.06
0. 1.06
243 1.06
12.97 1.06
30. 53
7783 24.72
99.72 33.2
126.47 62.15
194.57 161.39
282.93 349.97

END FTABLE 10

FTABLE 14
rows cols
14 4
depth  area
0.00 0.00
1 321
2 442
3 562
4 6.83
5 8.04
6 925
7 10.46
8 11.66
9 1287
10 14.08
11 15.29
12 165
13 17.01
END FTABLE 1

FTABLE 13
rows cols
17 4

depth  area
0.00 0.00
0.5 10.65

1 1121

1.5 11.76

2 1232

25 1288

3 1343

35 1399

4 1454

45 151

5 15.66

55 16.21

*k*k

volume outflowl ***
0.00 0.00
16 3751
5.42 135.58
10.44 301.53
16.66 545.64
24.1 878.06
32.74 1308.58
42.6 1846.55
53.65 2501
65.92 3280.62
79.4 4193.82
94.08 5248.77
109.97 6453.42
126.73 7548
4

*k*k

volume outflowl ***
0.00 0.00
2.66 55.45
8.13 177.76
13.87 352.96
19.89 576.2
26.19 845.01
32.77 1158.08
39.62 1514.71
46.76 1914.61
54.17 2357.73
61.86 2844.25
69.83 3374.44

6 16.77 78.07 3948.7

6.5 17.32
7 17.88

86.59 4567.49
95.4 5231.33

7.5 18.44 104.48 5940.79
8 18.99 113.83 6696.46
END FTABLE 13

FTABLE 11
rows cols
24 4

*k*k

depth  area volume outflowl ***

0.00 0.00
0.5 109.33

1 110.69
15 112.05

0.00 0.00
27.33 160.86
82.34 511.66
138.02 1007.64

2 113.42 194.39 1630.78

2.5 114.78

251.44 2370.21
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6.5
7
75
8
8.5
9
9.5
10
10.5
11
11.5

116.14 309.17 3218.45
11751 367.58 4169.96
118.87 426.68 5220.44
120.24 486.46 6366.45
121.6 546.91 7605.19
122.96 608.05 8934.3
124.33 669.88 10351.82
125.69 732.38 11856.08
127.05 795.57 13445.63
128.42 859.43 15119.22
129.78 923.98 16875.79
165.86 997.89 16141.61
171.47 1082.23 18021.79
177.07 1169.36 20018.62
182.68 1259.3 22134.38
188.28 1352.04 24371.35
193.89 1447.58 26731.8
199.49 1545.92 29218

END FTABLE 11

FTABLE 16
rows cols faieid

18 4

depth

0.00

area volume outflowl ***

0.00 0.00 0.00
85.71 4286 55.55
111.29 141.36 193.83
136.87 265.43 418.28
162.44 415.09 738.45
188.02 590.32 1164.49
21359 791.12 1706.5
239.17 1017.51 2374.3
264.75 1269.47 3177.43
290.32 1547 4125.17
3159 1850.11 5226.52
341.48 2178.8 6490.25
367.05 2533.07 792491
392.63 2912.91 9538.85
418.21 3318.32 11340.25
486.3 3770.58 12659.09
559.64 4293.55 14297.8
632.99 4889.87 16342.2

END FTABLE 16
END FTABLES

COoPY

TIMESERIES
Copy-opn***

*** x - x NPT NMN
1 0 7

END TIMESERIES

END COPY

EXT SOURCES

<-Volume-> <Member> SsysSgap<--Mult-->Tran <-Target vols> <-Grp> <-Member-> ***
<Name> x <Name> X tem strg<-factor->strg <Name> x x <Name> x x ***

*** Met Seg CORNWALL

WDM2 31PREC ENGL
WDM2 33 ATEM ENGL
WDM2 37 DEWP ENGL
WDM2 34WIND ENGL
WDM2 35SOLR ENGL
WDM2 36 PEVT ENGL
*** Met Seg CORNWALL

WDM2 31PREC ENGL
WDM2 33 ATEM ENGL
WDM2 37 DEWP ENGL
WDM2 34WIND ENGL
WDM2 35SOLR ENGL

SAME PERLND 101 111 EXTNL PREC
SAME PERLND 101 111 EXTNL GATMP
SAME PERLND 101 111 EXTNL DTMPG
SAME PERLND 101 111 EXTNL WINMOV
SAME PERLND 101 111 EXTNL SOLRAD
SAME PERLND 101 111 EXTNL PETINP

SAME IMPLND 101 107 EXTNL PREC
SAME IMPLND 101 107 EXTNL GATMP
SAME IMPLND 101 107 EXTNL DTMPG
SAME IMPLND 101 107 EXTNL WINMOV
SAME IMPLND 101 107 EXTNL SOLRAD
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WDM2 36 PEVT ENGL
*** Met Seg CORNWALL

SAME IMPLND 101 107 EXTNL PETINP

WDM2 31PREC ENGL SAME RCHRES 1 16 EXTNL PREC
WDM2 33 ATEM ENGL SAME RCHRES 1 16 EXTNL GATMP
WDM2 37 DEWP ENGL SAME RCHRES 1 16 EXTNL DEWTMP
WDM2 34WIND ENGL SAME RCHRES 1 16 EXTNL WIND
WDM2 35SOLR ENGL SAME RCHRES 1 16 EXTNL SOLRAD
WDM2 38CLOU ENGL SAME RCHRES 1 16 EXTNL CLOUD
END EXT SOURCES

SCHEMATIC

<-Volume-> <--Area--> <-Volume-> <ML#>***  <sh>
<Name> x <-factor-> <Name> x Fxk X X
PERLND 101 6 RCHRES 1 2

PERLND 102 29 RCHRES 1 2

IMPLND 101 3 RCHRES 1 1

PERLND 103 5 RCHRES 1 2

IMPLND 102 RCHRES 1 1

PERLND 104 8 RCHRES 1 2

PERLND 105 205 RCHRES 1 2

IMPLND 103 23 RCHRES 1 1

PERLND 106 50 RCHRES 1 2

IMPLND 104 12 RCHRES 1 1

PERLND 107 5 RCHRES 1 2

IMPLND 105 12 RCHRES 1 1

PERLND 109 4 RCHRES 1 2

PERLND 110 0 RCHRES 1 2

PERLND 111 46 RCHRES 1 2

PERLND 101 850 RCHRES 15 2

PERLND 102 2775 RCHRES 15 2

IMPLND 101 308 RCHRES 15 1

PERLND 103 577 RCHRES 15 2

IMPLND 102 144 RCHRES 15 1

PERLND 104 1053 RCHRES 15 2

PERLND 105 5138 RCHRES 15 2

IMPLND 103 571 RCHRES 15 1

PERLND 106 3111 RCHRES 15 2

IMPLND 104 778 RCHRES 15 1

PERLND 107 165 RCHRES 15 2

IMPLND 105 384 RCHRES 15 1

PERLND 108 9 RCHRES 15 2

IMPLND 106 14 RCHRES 15 1

PERLND 109 155 RCHRES 15 2

IMPLND 107 17 RCHRES 15 1

PERLND 110 30 RCHRES 15 2

PERLND 111 327 RCHRES 15 2

PERLND 101 16 RCHRES 2 2

PERLND 102 189 RCHRES 2 2

IMPLND 101 21 RCHRES 2 1

PERLND 103 15 RCHRES 2 2

IMPLND 102 4 RCHRES 2 1

PERLND 104 68 RCHRES 2 2

PERLND 105 793 RCHRES 2 2

IMPLND 103 88 RCHRES 2 1

PERLND 106 560 RCHRES 2 2

IMPLND 104 140 RCHRES 2 1

PERLND 107 30 RCHRES 2 2

IMPLND 105 70 RCHRES 2 1

PERLND 108 RCHRES 2 2

IMPLND 106 RCHRES 2 1

PERLND 109 14 RCHRES 2 2

IMPLND 107 2 RCHRES 2 1

PERLND 110 824 RCHRES 2 2

PERLND 111 65 RCHRES 2 2

RCHRES 1 RCHRES 2 3

PERLND 102 134 RCHRES 7 2

IMPLND 101 15 RCHRES 7 1

PERLND 103 13 RCHRES 7 2

IMPLND 102 3 RCHRES 7 1

PERLND 105 145 RCHRES 7 2



IMPLND 103
PERLND 106
IMPLND 104
PERLND 107
IMPLND 105
PERLND 108
IMPLND 106
PERLND 109
IMPLND 107
PERLND 111
PERLND 101
PERLND 102
IMPLND 101
PERLND 103
PERLND 104
PERLND 105
IMPLND 103
PERLND 106
IMPLND 104
PERLND 107
IMPLND 105
PERLND 109
IMPLND 107
PERLND 110
PERLND 111
RCHRES 2

PERLND 101
PERLND 102
IMPLND 101
PERLND 103
IMPLND 102
PERLND 104
PERLND 105
IMPLND 103
PERLND 106
IMPLND 104
PERLND 107
IMPLND 105
PERLND 109
IMPLND 107
PERLND 110
PERLND 111
RCHRES 3

PERLND 101
PERLND 102
IMPLND 101
PERLND 103
IMPLND 102
PERLND 104
PERLND 105
IMPLND 103
PERLND 106
IMPLND 104
PERLND 107
IMPLND 105
PERLND 108
IMPLND 106
PERLND 109
IMPLND 107
PERLND 110
PERLND 111
RCHRES 15
PERLND 101
PERLND 102
IMPLND 101
PERLND 103
IMPLND 102
PERLND 104
PERLND 105
IMPLND 103

16 RCHRES 7
197 RCHRES 7
49 RCHRES 7
17 RCHRES 7
39 RCHRES 7
RCHRES 7
RCHRES 7
6 RCHRES 7
RCHRES 7
29 RCHRES 7
7 RCHRES 3
21 RCHRES 3
2 RCHRES 3
RCHRES 3
28 RCHRES 3
333 RCHRES 3
37 RCHRES 3
281 RCHRES 3
70 RCHRES 3
3 RCHRES 3
8 RCHRES 3
6 RCHRES 3
RCHRES 3
133 RCHRES 3
95 RCHRES 3
RCHRES 3 3
4 RCHRES 4
78 RCHRES 4
9 RCHRES 4
13 RCHRES 4
3 RCHRES 4
19 RCHRES 4
358 RCHRES 4
40 RCHRES 4
380 RCHRES 4
95 RCHRES 4
20 RCHRES 4
46 RCHRES 4
13 RCHRES 4
RCHRES 4
41 RCHRES 4
84 RCHRES 4
RCHRES 4 3
61 RCHRES 12
1334 RCHRES 12
148 RCHRES 12
364 RCHRES 12
91 RCHRES 12
64 RCHRES 12
1505 RCHRES 12
167 RCHRES 12
221 RCHRES 12
55 RCHRES 12
89 RCHRES 12
208 RCHRES 12
3 RCHRES 12
4 RCHRES 12
34 RCHRES 12
4 RCHRES 12
10 RCHRES 12
37 RCHRES 12
RCHRES 12
11 RCHRES 5
37 RCHRES 5
4 RCHRES 5
4 RCHRES 5
RCHRES 5
24 RCHRES 5
249 RCHRES 5
28 RCHRES 5

2
1

2

1

2

2

2

1

2

2
2
1
2
1
2
1
2

1

2
2

2

2

1

2

-

1
2
2

NP NRE QRGN

2
1
2
1
2
2

1
2
1
2
1
2
1
2
1
2
2

3

2
2

1
2

2
2



PERLND 106
IMPLND 104
PERLND 107
IMPLND 105
PERLND 109
IMPLND 107
PERLND 110
PERLND 111
RCHRES 4

PERLND 102
IMPLND 101
PERLND 105
IMPLND 103
PERLND 106
IMPLND 104
PERLND 107
IMPLND 105
PERLND 110
PERLND 111
RCHRES 5

PERLND 101
PERLND 102
IMPLND 101
PERLND 103
IMPLND 102
PERLND 104
PERLND 105
IMPLND 103
PERLND 106
IMPLND 104
PERLND 107
IMPLND 105
PERLND 108
IMPLND 106
PERLND 109
PERLND 111
RCHRES 6

PERLND 101
PERLND 102
IMPLND 101
PERLND 103
IMPLND 102
PERLND 104
PERLND 105
IMPLND 103
PERLND 106
IMPLND 104
PERLND 107
IMPLND 105
PERLND 110
PERLND 111
RCHRES 9

PERLND 102
IMPLND 101
PERLND 103
IMPLND 102
PERLND 105
IMPLND 103
PERLND 106
IMPLND 104
PERLND 107
IMPLND 105
PERLND 108
IMPLND 106
PERLND 109
PERLND 110
PERLND 111
RCHRES 7

RCHRES 8

PERLND 102

304 RCHRES 5
76 RCHRES 5
22 RCHRES 5
51 RCHRES 5
7 RCHRES 5
RCHRES 5 1
108 RCHRES 5 2
31 RCHRES 5 2
RCHRES 5 3
71 RCHRES 6 2
8 RCHRES 6 1
70 RCHRES 6 2
8 RCHRES 6 1
46 RCHRES 6 2
11 RCHRES 6 1
7 RCHRES 6 2
1
2

D L L

15 RCHRES 6
117 RCHRES 6
4 RCHRES 6 2
RCHRES 6 3
17 RCHRES 9 2
100  RCHRES 9 2
11 RCHRES 9 1
5 RCHRES 9 2
RCHRES 9 1
11 RCHRES 9
197 RCHRES 9
22 RCHRES 9
105 RCHRES 9
26 RCHRES 9
18 RCHRES 9
42 RCHRES 9
RCHRES 9 2
RCHRES 9 1
2 RCHRES 9 2
11 RCHRES 9 2
RCHRES 9 3
5 RCHRES 8 2
6 RCHRES 8 2

HI’\JHND—‘NI\J

RCHRES 8 1
6 RCHRES 8 2
RCHRES 8 1

5 RCHRES 8 2
10 RCHRES 8 2
RCHRES 8 1
33 RCHRES 8 2
8 RCHRES 8 1
20 RCHRES 8 2
47 RCHRES 8 1
RCHRES 8 2
15 RCHRES 8 2
RCHRES 8 3
22 RCHRES 10 2
2 RCHRES 10 1
5 RCHRES 10 2
RCHRES 10 1
13 RCHRES 10 2
RCHRES 10 1
23 RCHRES 10 2
6 RCHRES 10 1
28 RCHRES 10 2
64 RCHRES 10 1
2 RCHRES 10 2
3 RCHRES 10 1
RCHRES 10 2
61 RCHRES 10 2
RCHRES 10 2
RCHRES 10 3
RCHRES 10 3
88 RCHRES 14 2
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IMPLND 101 10 RCHRES 14 1

PERLND 103 3 RCHRES 14 2
IMPLND 102 RCHRES 14 1
PERLND 105 26 RCHRES 14 2
IMPLND 103 3 RCHRES 14 1
PERLND 106 RCHRES 14 2
PERLND 107 57 RCHRES 14 2
IMPLND 105 133 RCHRES 14 1
PERLND 108 RCHRES 14 2
IMPLND 106 RCHRES 14 1
PERLND 109 RCHRES 14 2
PERLND 111 RCHRES 14 2
RCHRES 10 RCHRES 14 3
PERLND 101 20 RCHRES 13 2
PERLND 102 538 RCHRES 13 2
IMPLND 101 60 RCHRES 13 1
PERLND 103 414 RCHRES 13 2
IMPLND 102 103 RCHRES 13 1
PERLND 104 3 RCHRES 13 2
PERLND 105 376 RCHRES 13 2
IMPLND 103 42 RCHRES 13 1
PERLND 106 179 RCHRES 13 2
IMPLND 104 45 RCHRES 13 1
PERLND 107 86 RCHRES 13 2
IMPLND 105 201 RCHRES 13 1
PERLND 108 4 RCHRES 13 2
IMPLND 106 5 RCHRES 13 1
PERLND 109 11 RCHRES 13 2
IMPLND 107 RCHRES 13 1
PERLND 111 19 RCHRES 13 2
RCHRES 12 RCHRES 13 3
RCHRES 14 RCHRES 13 3
PERLND 101 56 RCHRES 11 2
PERLND 102 2192 RCHRES 11 2
IMPLND 101 244 RCHRES 11 1
PERLND 103 2256 RCHRES 11 2
IMPLND 102 564 RCHRES 11 1
PERLND 104 111 RCHRES 11 2
PERLND 105 1332 RCHRES 11 2
IMPLND 103 148 RCHRES 11 1
PERLND 106 521 RCHRES 11 2
IMPLND 104 130 RCHRES 11 1
PERLND 107 147 RCHRES 11 2
IMPLND 105 342 RCHRES 11 1
PERLND 108 7 RCHRES 11 2
IMPLND 106 11 RCHRES 11 1
PERLND 109 32 RCHRES 11 2
IMPLND 107 4 RCHRES 11 1
PERLND 110 42 RCHRES 11 2
PERLND 111 56 RCHRES 11 2
RCHRES 13 RCHRES 11 3
PERLND 101 268 RCHRES 16 2
PERLND 102 3846 RCHRES 16 2
IMPLND 101 427 RCHRES 16 1
PERLND 103 3159 RCHRES 16 2
IMPLND 102 790 RCHRES 16 1
PERLND 104 620 RCHRES 16 2
PERLND 105 4167 RCHRES 16 2
IMPLND 103 463 RCHRES 16 1
PERLND 106 2029 RCHRES 16 2
IMPLND 104 507 RCHRES 16 1
PERLND 107 334 RCHRES 16 2
IMPLND 105 780 RCHRES 16 1
PERLND 108 12 RCHRES 16 2
IMPLND 106 18 RCHRES 16 1
PERLND 109 55 RCHRES 16 2
IMPLND 107 6 RCHRES 16 1
PERLND 110 24 RCHRES 16 2
PERLND 111 156 RCHRES 16 2
RCHRES 11 RCHRES 16 3

A-17



PERLND 101 1321 COPY 1 90
PERLND 102 11460 COPY 1 90
IMPLND 101 1273 COPY 1 91
PERLND 103 6840 COPY 1 90
IMPLND 102 1708 COPY 1 91
PERLND 104 2014 COPY 1 90
PERLND 105 14917 COPY 1 90
IMPLND 103 1658 COPY 1 91
PERLND 106 8041 COPY 1 90
IMPLND 104 2008 COPY 1 91
PERLND 107 1048 COPY 1 90
IMPLND 105 2442 COPY 1 91
PERLND 108 41 COPY 1 90

IMPLND 106 59 COPY 1 91

PERLND 109 341 COPY 1 90

IMPLND 107 38 COPY 1 91

PERLND 110 1391 COPY 1 90
PERLND 111 977 COPY 1 90

END SCHEMATIC

EXT TARGETS

<-Volume-> <-Grp> <-Member-><--Mult-->Tran <-Volume-> <Member> Tsys Aggr Amd ***
<Name> X <Name> x x<-factor->strg <Name> x <Name>qf tem strg strg***

PERLND 101 PWATER SUPY 11
PERLND 101 PWATER SURO 11
PERLND 101 PWATER IFWO 11
PERLND 101 PWATER AGWO 11
PERLND 101 PWATER TAET 11
PERLND 101 PWATER IGWI 11
PERLND 101 PWATER CEPE 11
PERLND 101 PWATERPET 11
PERLND 102 PWATER SUPY 11
PERLND 102 PWATER SURO 11
PERLND 102 PWATER IFWO 11
PERLND 102 PWATER AGWO 11
PERLND 102 PWATER TAET 11
PERLND 102 PWATER IGWI 11
PERLND 103 PWATER SUPY 11
PERLND 103 PWATER SURO 11
PERLND 103 PWATER IFWO 11
PERLND 103 PWATER AGWO 11
PERLND 103 PWATER TAET 11
PERLND 103 PWATER IGWI 11
PERLND 104 PWATER SUPY 11
PERLND 104 PWATER SURO 11
PERLND 104 PWATER IFWO 11
PERLND 104 PWATER IGWI 11
PERLND 104 PWATER TAET 11
PERLND 104 PWATER AGWO 11
PERLND 105 PWATER SUPY 11
PERLND 105 PWATER SURO 11
PERLND 105 PWATER TAET 11
PERLND 105 PWATER IGWI 11
PERLND 105 PWATER IFWO 11
PERLND 105 PWATER AGWO 11
PERLND 106 PWATER SUPY 11
PERLND 106 PWATER SURO 11
PERLND 106 PWATER TAET 11
PERLND 106 PWATER IFWO 11
PERLND 106 PWATER IGWI 11
PERLND 106 PWATER AGWO 11
PERLND 107 PWATER SUPY 11
PERLND 107 PWATER SURO 11
PERLND 107 PWATER TAET 11
PERLND 107 PWATER IFWO 11
PERLND 107 PWATER IGWI 11
PERLND 107 PWATER AGWO 11
PERLND 108 PWATER SUPY 11
PERLND 108 PWATER SURO 11
PERLND 108 PWATER TAET 11

AVER WDM1 1023 SUPY 1ENGL AGGR REPL
AVER WDM1 1034 SURO 1ENGL AGGR REPL
AVER WDM1 1057 IFWO 1 ENGL AGGR REPL
AVER WDM1 1059 AGWO 1ENGL AGGR REPL
AVER WDM1 1060 TAET 1ENGL AGGR REPL
AVER WDM1 1061 IGWI 1 ENGL AGGR REPL
AVER WDM1 1108 CEPE 1ENGL AGGR REPL
AVER WDM1 1109 PET 1ENGL AGGR REPL
AVER WDM1 1024 SUPY 1ENGL AGGR REPL
AVER WDM1 1035 SURO 1 ENGL AGGR REPL
AVER WDM1 1058 IFWO 1 ENGL AGGR REPL
AVER WDM1 1062 AGWO 1ENGL AGGR REPL
AVER WDM1 1063 TAET 1ENGL AGGR REPL
AVER WDM1 1067 IGWI 1 ENGL AGGR REPL
AVER WDM1 1025 SUPY 1ENGL AGGR REPL
AVER WDM1 1036 SURO 1 ENGL AGGR REPL
AVER WDM1 1065 IFWO 1 ENGL AGGR REPL
AVER WDM1 1064 AGWO 1ENGL AGGR REPL
AVER WDM1 1066 TAET 1ENGL AGGR REPL
AVER WDM1 1068 IGWI 1 ENGL AGGR REPL
AVER WDM1 1026 SUPY 1ENGL AGGR REPL
AVER WDM1 1037 SURO 1ENGL AGGR REPL
AVER WDM1 1069 IFWO 1 ENGL AGGR REPL
AVER WDM1 1070 IGWI 1 ENGL AGGR REPL
AVERWDM1 1071 TAET 1ENGL AGGR REPL
AVER WDM1 1072 AGWO 1ENGL AGGR REPL
AVER WDM1 1027 SUPY 1ENGL AGGR REPL
AVER WDM1 1049 SURO 1ENGL AGGR REPL
AVER WDM1 1073 TAET 1ENGL AGGR REPL
AVER WDM1 1074 IGWI 1ENGL AGGR REPL
AVER WDM1 1075 IFWO 1 ENGL AGGR REPL
AVER WDM1 1076 AGWO 1ENGL AGGR REPL
AVER WDM1 1028 SUPY 1ENGL AGGR REPL
AVER WDM1 1048 SURO 1ENGL AGGR REPL
AVER WDM1 1077 TAET 1ENGL AGGR REPL
AVER WDM1 1105 IFWO 1 ENGL AGGR REPL
AVER WDM1 1106 IGWI 1 ENGL AGGR REPL
AVER WDM1 1107 AGWO 1ENGL AGGR REPL
AVER WDM1 1029 SUPY 1ENGL AGGR REPL
AVER WDM1 1047 SURO 1ENGL AGGR REPL
AVER WDM1 1101 TAET 1ENGL AGGR REPL
AVER WDM1 1102 IFWO 1 ENGL AGGR REPL
AVER WDM1 1103 IGWI 1ENGL AGGR REPL
AVER WDM1 1104 AGWO 1ENGL AGGR REPL
AVER WDM1 1030 SUPY 1ENGL AGGR REPL
AVER WDM1 1046 SURO 1ENGL AGGR REPL
AVER WDM1 1097 TAET 1ENGL AGGR REPL
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PERLND 108 PWATER IGWI 11
PERLND 108 PWATER IFWO 11
PERLND 108 PWATER AGWO 11
PERLND 109 PWATER SUPY 11
PERLND 109 PWATER SURO 11
PERLND 109 PWATER TAET 11
PERLND 109 PWATER IGWI 11
PERLND 109 PWATER AGWO 11
PERLND 109 PWATER IFWO 11
PERLND 110 PWATER SUPY 11
PERLND 110 PWATER SURO 11
PERLND 110 PWATER TAET 11
PERLND 110 PWATER AGWO 11
PERLND 110 PWATER IFWO 11
PERLND 110 PWATER IGWI 11
PERLND 110 PWATERPET 11
PERLND 111 PWATER SUPY 11
PERLND 111 PWATER SURO 11
PERLND 111 PWATER TAET 11
PERLND 111 PWATER IGWI 11
PERLND 111 PWATER AGWO 11
PERLND 111 PWATER IFWO 11
IMPLND 101 IWATER SUPY 11
IMPLND 101 IWATER SURO 11
IMPLND 101 IWATER IMPEV 11
IMPLND 102 IWATER SURO 11
IMPLND 102 IWATER SUPY 11
IMPLND 102 IWATER IMPEV 11
IMPLND 103 IWATER SURO 11
IMPLND 103 IWATER SUPY 11
IMPLND 103 IWATER IMPEV 11
IMPLND 104 IWATER SURO 11
IMPLND 104 IWATER SUPY 11
IMPLND 104 IWATER IMPEV 11
IMPLND 105 IWATER SURO 11
IMPLND 105 IWATER SUPY 11
IMPLND 105 IWATER IMPEV 11
IMPLND 106 IWATER SURO 11
IMPLND 106 IWATER IMPEV 11
IMPLND 107 IWATER SURO 11
IMPLND 107 IWATER IMPEV 11
RCHRES 3HYDR RO 11
RCHRES 3HYDR STAGE 11
RCHRES 9HYDR RO 11
RCHRES 8HYDR RO 11
RCHRES 10HYDR RO 11
RCHRES 10HYDR VOL 11
RCHRES 10HYDR AVDEP 11
RCHRES 10HYDR SAREA 11
RCHRES 10 HYDR STAGE 11
RCHRES 11HYDR RO 11
RCHRES 16 HYDR RO 11
END EXT TARGETS

MASS-LINK

MASS-LINK 2

AVER WDM1 1098 IGWI 1 ENGL AGGR REPL
AVER WDM1 1099 IFWO 1 ENGL AGGR REPL
AVER WDM1 1100 AGWO 1ENGL AGGR REPL
AVER WDM1 1031 SUPY 1ENGL AGGR REPL
AVER WDM1 1050 SURO 1ENGL AGGR REPL
AVER WDM1 1093 TAET 1ENGL AGGR REPL
AVER WDM1 1094 IGWI 1ENGL AGGR REPL
AVER WDM1 1095 AGWO 1ENGL AGGR REPL
AVER WDM1 1096 IFWO 1 ENGL AGGR REPL
AVER WDM1 1032 SUPY 1ENGL AGGR REPL
AVER WDM1 1045 SURO 1ENGL AGGR REPL
AVER WDM1 1089 TAET 1ENGL AGGR REPL
AVER WDM1 1090 AGWO 1ENGL AGGR REPL
AVER WDM1 1091 IFWO 1ENGL AGGR REPL
AVER WDM1 1092 IGWI 1 ENGL AGGR REPL
AVER WDM1 1110 PET 1ENGL AGGR REPL
AVER WDM1 1033 SUPY 1ENGL AGGR REPL
AVER WDM1 1044 SURO 1ENGL AGGR REPL
AVER WDM1 1085 TAET 1ENGL AGGR REPL
AVER WDM1 1086 IGWI 1ENGL AGGR REPL
AVER WDM1 1087 AGWO 1ENGL AGGR REPL
AVER WDM1 1088 IFWO 1 ENGL AGGR REPL
AVER WDM1 1052 SUPY 1ENGL AGGR REPL
AVER WDM1 1053 SURO 1ENGL AGGR REPL
AVER WDM1 1084 IMPEV 1 ENGL AGGR REPL
AVER WDM1 1041 SURO 1ENGL AGGR REPL
AVER WDM1 1054 SUPY 1ENGL AGGR REPL
AVER WDM1 1083 IMPEV 1 ENGL AGGR REPL
AVER WDM1 1042 SURO 1 ENGL AGGR REPL
AVER WDM1 1055 SUPY 1ENGL AGGR REPL
AVER WDM1 1082 IMPEV 1 ENGL AGGR REPL
AVER WDM1 1043 SURO 1ENGL AGGR REPL
AVER WDM1 1051 SUPY 1ENGL AGGR REPL
AVER WDM1 1081 IMPEV 1 ENGL AGGR REPL
AVER WDM1 1040 SURO 1ENGL AGGR REPL
AVER WDM1 1056 SUPY 1ENGL AGGR REPL
AVER WDM1 1080 IMPEV 1 ENGL AGGR REPL
AVER WDM1 1039 SURO 1ENGL AGGR REPL
AVER WDM1 1079 IMPEV 1 ENGL AGGR REPL
AVER WDM1 1038 SURO 1ENGL AGGR REPL
AVER WDM1 1078 IMPEV 1 ENGL AGGR REPL

AVER WDM1 1003 FLOW 1 ENGL AGGR REPL

AVER WDM1 1009 STAGE 1 ENGL AGGR REPL

AVER WDM1 1005 FLOW 1 ENGL AGGR REPL
AVER WDM1 1006 FLOW 1 ENGL AGGR REPL
AVER WDM1 1002 FLOW 1ENGL AGGR REPL

AVER WDM1 1012 VOL 1ENGL AGGR REPL
AVER WDM1 1013 AVDEP 1 ENGL AGGR REPL
AVER WDM1 1014 SAREA 1 ENGL AGGR REPL
AVER WDM1 1015 STAGE 1 ENGL AGGR REPL

AVER WDM1 1004 FLOW 1 ENGL AGGR REPL
AVER WDM1 1001 FLOW 1 ENGL AGGR REPL

<-Volume-> <-Grp> <-Member-><--Mult-->  <-Target vols> <-Grp> <-Member-> ***

<Name> <Name> x x<-factor->
PERLND PWATERPERO 0.0833333 RCHRES

PERLND PWTGAS PODOXM
PERLND PWTGAS POHT
PERLND PQUAL POQUAL 1
PERLND PEST POPST 1
PERLND PEST SOSDPS1
PERLND PEST SOSDPS1
PERLND PEST SOSDPS 1
PERLND SEDMNT SOSED 1
PERLND SEDMNT SOSED 1
PERLND SEDMNT SOSED 1

<Name> <Name> x x ***
INFLOW IVOL
RCHRES INFLOW OXIF
RCHRES INFLOW IHEAT

RCHRES INFLOW IDQAL
RCHRES INFLOW IDQAL
RCHRES INFLOW ISQAL
RCHRES INFLOW ISQAL
RCHRES INFLOW ISQAL

0.05 RCHRES INFLOW ISED
0.55 RCHRES INFLOW ISED
0.4 RCHRES INFLOW ISED
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END MASS-LINK 2

MASS-LINK 1
<-Volume-> <-Grp> <-Member-><--Mult-->  <-Target vols> <-Grp> <-Member-> ***

<Name> <Name> x x<-factor-> <Name> <Name> x x ***
IMPLND IWATER SURO 0.0833333 RCHRES INFLOW IVOL
IMPLND IWTGAS SODOXM RCHRES INFLOW OXIF
IMPLND IWTGAS SOHT RCHRES INFLOW IHEAT
IMPLND IQUAL SOQUAL 1 RCHRES INFLOW IDQAL

IMPLND SOLIDS SOSLD 1 0.05 RCHRES INFLOW ISED

IMPLND  SOLIDS SOSLD 1 0.55 RCHRES INFLOW ISED

IMPLND SOLIDS SOSLD 1 0.4 RCHRES INFLOW ISED
END MASS-LINK 1

MASS-LINK 3
<-Volume-> <-Grp> <-Member-><--Mult-->  <-Target vols> <-Grp> <-Member-> ***
<Name> <Name> x x<-factor-> <Name> <Name> x x ***
RCHRES ROFLOW RCHRES INFLOW

END MASS-LINK 3

MASS-LINK 90
<-Volume-> <-Grp> <-Member-><--Mult-->  <-Target vols> <-Grp> <-Member-> ***

<Name> <Name> x x<-factor-> <Name> <Name> x x ***
PERLND PWATER SURO COPY INPUT MEAN 1
PERLND PWATER IFWO COPY INPUT MEAN 2
PERLND PWATER AGWO COPY INPUT MEAN 3
PERLND PWATER PET COPY INPUT MEAN 4
PERLND PWATER TAET COPY INPUT MEAN 5
PERLND PWATER UZS COPY INPUT MEAN 6
PERLND PWATER LZS COPY INPUT MEAN 7

END MASS-LINK 90

MASS-LINK 91
<-Volume-> <-Grp> <-Member-><--Mult-->  <-Target vols> <-Grp> <-Member-> ***

<Name> <Name> x x<-factor-> <Name> <Name> x x ***
IMPLND IWATER SURO COPY INPUT MEAN 1
IMPLND IWATER PET COPY INPUT MEAN 4
IMPLND IWATER IMPEV COPY INPUT MEAN 5

END MASS-LINK 91
END MASS-LINK

END RUN
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APPENDIX B Peer Review Record

Table 1 - Peer Review Record, Detailed Comments

Page /
Section

Paragraph
/ Table

Detailed Comments

Resolve

RL Droste, University of Ottawa, March 30, 2011

2 NA 1. It is not stated that water saving toilets were one of We did not have
the water conservation measures. This should be sufficient data to
recommended, if it has not been done. A public quantify the results of
information/education plan should be delivered. recent residential water
HSPF is one of the most sophisticated surface water reducing efforts in
modelling tools and appropriate to the task. The Alexandria.
Shuffled Complex Evolution calibration method is also | Delivery of the public
a state-of-the-art calibration technique. information/education
plan is outside of the
scope of this project.
11 NA 2. The complete set of parameters used in HSPF should | Fixed. An appendix
be included in an Appendix. with the full set of
parameters and their
values has been ed.
11 NA 3. Although I judge the calibration and performance of Additional effort was
the model as good, the typical problem of less made to enhance the
satisfactory simulation of low flow periods must be calibration. However,
further commented on since this is the critical condition. | no significant
Adequate arguments must be presented to dismiss this improvement in the
deficiency. modeling was
achieved. An
explanation and
additional comments
were added into the
text
12 NA 4. The individual wells from which groundwater data Fixed. An explanation
were gathered should be identified (probably on Fig. was added to the text.
14). A general commentary on the quality of these data, | WESA is the source
as well as their source(s) should be identified. Very little | data owner (2006),
info provided on groundwater model and data. maps were created
using selected MOE
well records. We do
not have exact well
locations. Additional
groundwater modeling
is outside of the scope
of this work.
14 NA 5. How was the permitted maximum daily flow The maximum
determined in Table 8? permitted daily flow
was taken from the
Certificate of Approval
# 7413-7L4QP5 for the
Alexandria WTP
14 NA 6. How was the assimilative capacity of 30 L/s MOE CofA requires

determined? This is the first mention of this value and it
should at least be referenced.

RRCA to maintain
assimilative capacity
discharge of 30 L/s. A
copy of CofA was
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Page/ | Paragraph | Detailed Comments Resolve
Section | / Table
provided by RRCA
19 NA 7. Eliminate “Observed” from Table 11 title. A better Fixed
title would be “Simulated Minimum Water Levels in
Mill Pond for Scenarios A and F”.
20 2 8. Instead of stating that “It is believed” it is perhaps Fixed. The paragraph
more desirable to state that there is no evidence that was eliminated as not
...Loch Garry did cause measurable and ... required by the Rules
20, 1 9. This paragraph needs some rewording. | suggest Fixed.
Section “many stop logs were removed to significantly drain Recommendation was
6.5 Mill Pond in anticipation of a large volume of incoming | added.

water from the spring freshet.

Somewhere in the report it should be noted that there is
no chance that a replacement for Consoltex is desired or
feasible- if this is the case.

Laura Landriault, Ontario Ministry of Natural Resources. April 4, 2011

1 1 1. The first sentence is inaccurate. Only those Fixed
watersheds within source protection areas are subject to
the Clean Water Act. Suggest the following alternate
wording for the first sentence ... “A requirement of the
Clean Water Act is to undertake water budget and water
quantity assessments for each watershed within
Ontario’s Source Protection Areas.”

1 2 2. A Tier 3 risk assessment is undertaken if a The reference was
subwatershed is found to be stressed through a Tier 2 corrected to 33(2)a -
water quantity assessment of Scenario A or B. Scenarios A and B
Although any historical issues may confirm the stress
assessment, it is not required to proceed to the next tier.

Suggest deleting the last sentence.

2, NA 3. Confirm that Consoltex Inc. closed as a mitigation Fixed. The Consoltex

Section measure. The Tier 2 report simply references the closure was a result of

2.1 ‘closure of the Consoltex plant” and that it was ‘unlikely | economical downturn,
to be reopened’. it was not a mitigation

factor. The text was
corrected.

13 3 4. On page 12, the study period is identified as 2006 to Fixed. The study
2010. In the 3" paragraph of page 13, the average daily | duration was changed
demand of the Alexandria WTP is given for 2005 to to 2005-2010 for
2006. The study period should remain consistent consistency in the text.
throughout the assessment.

13 Last 5. Why have the maximum daily and monthly average Fixed. Data for 2005
pumping rates for 2006 been omitted in table 8? The and 2006 were added.
study period should remain consistent throughout the The study period was
assessment. selected as 2005-2010

i.e. after the Concoltex
closure

14 Table 8 6. See comment #5. Fixed

14 1 7. The observed water levels are compared to the shut- Fixed. All Figures
off elevation in the text, with Figures 16 to 21 show only the shut-off
referenced. In figures 16 to 21, however, critical water | water elevation i.e.
levels of 81.25, 81.35 and 81.4 are shown. The figures | 81.1 m
should remain consistent with the text and show only the
shut-off elevation (i.e. 81.1).

14 1 8. The following edit would clarify the sentence ... Fixed




Page /
Section

Paragraph
/ Table

Detailed Comments

Resolve

“Therefore, peak demand durlng the Scenario A
assessment period &
not result in the water levels é&ﬁe%droppl_ng below a
the shut-off elevation’

15

9. Other uses, including provincially significant
wetlands, are not evaluated in Scenarios A and B. As
there is no reduction in recharge due to land cover
changes, scenarios E(3)/F(3) do not have to be
evaluated. Suggest that the last sentence be replaced
with the following ... “Therefore, there is no
requirement to run Scenarios E(3) or F(3).’

Fixed

15

10. Other uses, including provincially significant
wetlands, are not evaluated in Scenarios A and B. As
there is no planned demand or committed demand,
neither scenarios E(1)/F(1) nor scenarios E(2)/F(2)
should be evaluated. Suggest that the last sentence be
replaced with the following ... “Therefore, there is no
requirement to run Scenario E(1)/F(1) or E(2)/F(2).’

Fixed

17

11. In the 2" sentence, the reference to rule 103 (99 in
the March 22, 2011 version of the technical rules) is
incorrect. Rule 103, which relates to other water uses, is
only assessed if there is an existing system with
committed demand or a planned system (i.e. Scenarios
E(1) and E(2)). As discussed in the last paragraph on
page 17, the assumption is that other uses are already
accounted for in the normal operating conditions of an
existing system. This sentence and the list below should
be deleted.

Fixed

18

2" |ast

12. The mill pond water levels were compared to the
shut-off water level (i.e. 81.1) in section 2.4. If this has
been defined as the safe water level, then this value
should be used to evaluate the scenarios. The minimum
operational level and or the critical levels could be used
to discuss the implications; however, they should not be
used to assess risk.

Fixed

19,
Section
6.4

13. See comments 10 and 11. Section 6.4 should be
deleted.

Fixed

23

14. See comments 10 and 11. All bullets on page 23
relating to scenarios E and F should be deleted.

Fixed

23

Last

15. The mill pond water levels were compared to the
shut-off water level (i.e 81.1) in section 5.1. If this has
been defined as the safe water level, then this value
should be used to evaluate the scenarios. The water
levels in Table 11 do not drop below the shut-off water
level, therefore, it does not provide basis for assigning
moderate risk. If this is an accurate interpretation, the
risk level is low and the conclusions should be amended
accordingly.

Fixed

25

16. The water levels do not drop below the shut-off
water level (i.e. 81.1), therefore, it does not provide
basis for assigning moderate risk. If this is an accurate
interpretation, the risk level is low and the second

Fixed




Page/ | Paragraph | Detailed Comments Resolve

Section | / Table
sentence should be edited accordingly.

2 3 17. The 2" MOE reference should be (MOE, 2010) Fixed
instead of (MOE, 2011).

2, 18. The “Wisner, 1992’ reference is missing from the Fixed

Section reference list on page 26 of the document.

2.1

3 3 19. The ‘AAFC, 2003’ reference is missing from the Fixed
reference list on page 25 of the document.

10 1 20. There are more than 11 parameters in Table 5. The | The 11 most sensitive
last sentence says that the 11 most sensitive hydrologic | hydrological
parameters are identified. Should the 11 most sensitive | parameters are
parameters be bolded? presented in Table 5.

10 2 21. An incorrect reference is given for Table 6 in the 2" | Fixed
last sentence. It should be referencing Table 5.

12, 1 22. The last word in this sentence should be ‘low’ Fixed

Section instead of “how’.

5

13 Table 6 23. Suggest that the study period (i.e. 2006 to 2010) be Fixed. The study
highlighted on table 6. period (2005-2010)

was bolded

24 4 24. In the first sentence “HPSF’ should be changed to Fixed
‘HSPF’.

24 Last 25. The reference to the technical Bulletin should be Fixed
‘(MOE, 2010)’ and not ‘(MOE, 200)’

Dru Heagle, Geofirma Engineering Limited, April 4, 2011

Section | 1 1. Meteorological typically refers to measurement Fixed

2.1 devices. Climate may be the better word here.

Section 2. This section provides a good description of the Fixed. An explanation

2.2 sources of data. What is not related to the reader is how | was added to the text.
the data from the three meteorological stations was
interpolated. The methods used to process input data can
have a significant effect on the input data and therefore
the results. Based on the presentation given on March 2,

2011, | believe sound methods were used to interpolate
the results however the methods used should be
documented.

Section | 1 3. The importance of the 81.4 masl water level is nicely | Fixed. The text and

2.4 described. Please consider “labeling” this as the critical | figures were modified.
water level to stay consistent with Figure 7 and to Critical water level was
introduce the term for the rest of the text. replaced with the shut-

off level for this
analysis.

Section | 2 and 4. All indicate there are 16 subwatersheds in the study Table 4 shows only 10

3.2 Table 2 area. Table 4 only shows the model inputs for 10 HRUs. | studied subwatersheds
Where are HRUs 11 to 167 If they are not required (i.e. within the local
please add text accordingly. area).

Section 5. The text provides a nice description of HRU Table 6 was added to

3.2 distribution in the study area. What is not presented is the text and lists the

the hydrological inputs (i.e. precipitation) or calculated
values (i.e. evapotranspiration). Please provide the input
values in this section to allow the reader to determine if
the model inputs were appropriate. Water budgets could
be created from your model outputs that will provide a

water budget
components. Individual
time series of
precipitation,
temperature, solar
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Page/ | Paragraph | Detailed Comments Resolve
Section | / Table
reader with sufficient detail to judge the model. radiation, calculated
potential ET, etc. are in
a binary format (a
WDM file) which can
be provided if needed.
Section 5. The model results shown in the figures suggest the Fixed. A UCI file with
3.6 model does a good job simulating surface water flows. all modeled parameters
There are numerous complications involving was included as an
undocumented human effects on the water system that Appendix A. Major
will likely prevent an exact match. Please provide a water budgeting
breakdown of the modeled parameters besides flow. In components were
order to determine if the model can be used for the risk | added separately to the
scenarios, the other hydrological processes that affect text (Table 6).
stream discharge must also be examined. For example,
how much precipitation and evapotranspiration were
used to get these model results? One way this can be
done is in a table that outlines the major components of
a water budget for each subwatershed.
Section | 2 6. The reference to Table 6 should be Table 5. Fixed
3.6
Section | Table 5 7. How much groundwater discharge occurred? There This was a typo in the
3 were discussions at the presentation regarding the Table. DEEPFR is
uncertain role of groundwater discharge. Table 5 about 0.2. All
indicates 49% of groundwater inflow recharges the deep | parameter values are
groundwater system. What is the quantity of included in the
groundwater inflow? Is groundwater inflow multiplied Appendix. The results
by 49% consistent with the groundwater recharge of this study are
observed in either the Tier 1 or the Tier 2 Stress generally similar with
Assessments? the previous Tier 1 and
2 water budgets.
Section | 2 8. The paragraph references an aquifer but the aquifer is | Fixed. The paragraph
4 not described. Please provide a figure that outlines the was re-written and the
aquifer and some text that describes the aquifer (e.g. figure title was
confined, extent, material). Also, how were the changed.
groundwater flow directions derived? The title for
Figure 14 indicates an unconfined aquifer — how is this
known?
Figure 2 9. Recommend labeling the local area so that it is more Fixed. A new Figure
explicit. Also, the legend lists the Garry River with the local area was
Subwatershed but the figure title uses watershed — added (Figure 15)
change one of them for consistency with the rest of the
document.
Section | 1 and 10. In Figure 15 there is a sharp increase in the pond Figure 15 was removed
51 Figure 15 | water level in the beginning of June then a sharp drop as redundant. As MNR

off. Is this rise in water level real? It seems like that is
an unrealistic rise and fall in water level for a one day
period. Assuming that point is not real and it can be
ignored, there appears to be a steady decline in the water
level with 6 stop logs (assuming the stop logs are at the
discharge of Middle Lake — please clarify this in the
text). The water level in Mill Pond declines
approximately 9 cm over a 10 to 14 day period before a
few days of rain raises the water level again. Does a 9

commented the
comparison should
only be made with the
shut-off water level




Page/ | Paragraph | Detailed Comments Resolve
Section | / Table
cm decline in water level drop affect your interpretation
of 6 stop logs on the pond water level?
Section | 2 11. Remove the “s” in Figures 22. Fixed
5.2
Section | 3 12. Consider revising “two and ten years drought” to “a | Fixed
5.2 two- and a ten-year drought”
Section | 1 13. The critical water level is not defined. Fixed.
6.2
Section | Bullet 4 14. Missing space between and_(or) Fixed
6.6
Figure 16 15. The critical water level is not shown at 81.4 Figures were revised.
Critical water level was
removed.
Figures 20, | 16. The critical water level for the post May 2007 data is | Figures were revised.
21 different by 10 cm in these two figures. Critical water level was
removed.
Figure 22 17. This figure is not referenced in the text. If the shut- It was referenced on

off elevation is what needs to be shown, it may be easier
to change the scale of the y-axis to go from 81.1 to 81.8
to include the shut-off elevation.

page 14. We decided to
leave the scale as is.

J.F. Sabourin & Associ

ates Inc., April 6, 2011

1 1 It would be useful for text to note the reason why the Fixed. A reference to
Gary River watershed was designated as “moderately Rule 31(2)(a) was
stressed” by the Tier One Water Budget study [i.e. added
which circumstances listed in Technical Rule 32(2)]

1 2 Same as comment 1 but for Tier Two Water Budget Fixed. A reference to
study results Rule 33(2)(a) was

added

1 2 Technical Rule 34(2) refers to a planned type I, II, or Il | Fixed
system

2 3 MOE, 2010 Fixed

3 1 Please note here that the Gary River is a tributary of the | Fixed
Delisle River to help explain the use of the data from the
Glen Norman gauge.

3 2 Please explain how the meteorological data, particularly | Fixed. Clarification
rainfall data, from the three sources were combined. was added

3 3 Please note data source for future land use and original Fixed. Future land uses
source of soil mapping data. were assumed to be the

same as existing
conditions; there are no
plans to develop the
land upstream of Mill
Pond.

3 1 Last sentence: ...poorly drained (?) Fixed

4 1 3w line: ...stop logs in each of the dams Fixed

4 3 Kenyon (Middle) Lake: constructed in 1936 Fixed

4 1 3w line: re: “various reports” - Please cite references Fixed

4 1 4w line: metres above sea level Fixed

4 1 6m line: re: operational manual. Please cite reference. Fixed

4 1 7w line: The term “critical water level” could be included | Fixed
in text here in reference to the 81.4 masl. (p. 18 text
states “critical water level as defined in Section 2.4™)

4 1 Is water quality a factor that should be taken into Our understanding is
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Page/ | Paragraph | Detailed Comments Resolve

Section | / Table
account when setting these critical water levels? i.e. is that water quality is not
there a water level below which the turbidity of the a factor in setting the
source water becomes problematic for the water supply; | critical water level for
and if so does that circumstance warrant an adjustment the purpose of the
(upward) of either the critical or shutoff water levels? Water Quantity Risk
[Question raised during peer review meeting] Assessment

5 1 2nd line: treatment plant Fixed

5 2 2nd line: could effectively Fixed

5 2 Please state how the ice depth was used in the Fixed. Additional text
determination of the shut off water level 81.1 m. was added. Based on

the McNeely
Engineering report the
winter ice depth can be
0.9 m. The same report
suggests that if a lake
drawdown of 0.6 m
happens in winter
months when ice depth
is of 0.9 m the intake
will be effectively non-
operational.

6 2 Second bullet: Please explain/substantiate the Fixed. Clarification
assumption that the aquifer “be treated as a sink of was added to the text.
water” in the modelling of local area.

6 2 Perhaps the beginning of the paragraph should read Fixed
“The nature of the subwatersheds was ...” instead of
“The nature of the subdivisions was ...”

7 Table 3 In addition to Table 3, it would be of interest to have Runoff potential in
some additional information on the runoff potential HSPF is not a single
assigned to URBN, ROCK, SCHR, WATR and WETL | variable but it is
by the HSPF Model. described by a number

of parameters such as
UZSN, LZSN,
INFILT, etc. Appendix
was added with all
parameter values.

8 Table 4 Table 4 presents the Percent of HRUs for the Studied Fixed. Total area was
Subwatersheds. To increase the usefulness of the data added to Table 4. The
presented and to allow for some cursory checks, please area of each HRU can
include the total area of for each subwatershed and each | be calculated based on
of the HRUs. percentage.

8 1 The breakdown of land uses presented does not add up Fixed. The percentage
to 100%. Please clarify. was recalculated.

9 Last It is indicated that in this particular study, the minimum | During calibration the
flows were of a critical issue and that is why weighting impact of minimum
of the low flows and volumes were amplified. Please flows on OF was
indicate how this was achieved and how weighting amplified by using log
factors differed as a function of flows. values in squared

residuals calculations
and by the weighting
factors (a reciprocal of
monthly volumes)

10 2 The reference to Table 6 should be to Table 5. Fixed




Page/ | Paragraph | Detailed Comments Resolve

Section | / Table

10 Table 5 Table indicates that the range for LZSN should be Fixed. The Table was
between 2.00 and 12.0. However, the calibrated range updated. The
shows an upper value of 12.8 which is higher than the maximum value should
quoted maximum. Please explain. be 14.

10 Table 5 Please confirm that the calibrated values were applied to | A user control file with
all catchments of Figure 8. Also, could the input file or all parameters for all
summary of parameters used for each individual catchments is provided
catchment be provided in an Appendix? in Appendix A.

11 3 It is indicated that the model was calibrated to match the | The model has detailed
daily flows on Delisle River at the Glen Norman Gauge. | data for all 16
However, the model appears to have detailed data for subwatersheds. The
only the subwatersheds that are upstream of the Mill Appendix with all
Pond. As this represents only approximately 17.5% of model parameters for
the total drainage area at the Glen Norman Gauge, how | all 16 subwatersheds
could we conclude that the portion of the model that is was added. Table 4
of interest is well calibrated? shows HRUs for the

studied subwatersheds
only (i.e. local area).

11 3 The report indicates that the model (at the Glen Norman | An explanation was
gauge) is fairly good at predicting high and mid range added to the text.
flows but that the summer low flows are routinely over- | Additional efforts were
predicted. Given the statement on page 9 (last made to improve the
paragraph) that in this particular study, the minimum calibration. However,
flows are critical, is it reasonable to conclude that the no significant
model (as calibrated) can be adequately used in the improvement was
evaluation of risks during low flow periods? If the achieved. For the
model overestimates low flows, are we not purpose of this study
underestimating the risks? the storage changes in

Mill Pond, not
minimum flows at
Glen Norman were of
importance. Text was
revised accordingly.

11 4 Reference is made to Figures 12 and 13 to validate the Correlation coefficients
model results. As with the flow comparisons at the Glen | were added to Figure
Norman gauge, could correlation coefficients be 12 and 13. Also, a
provided to statistically interpret the variability between | graph of
the simulated and observed water levels. A continuous observed/simulated
graph of the difference between the simulated and water level differences
observed water levels, and of the difference in flows was added. No flow
would be useful. data for Mill Pond was

available.

11 4 With reference to Figures 12 and 13:The comparisons of | All hydrologic models

observed and simulated water levels on Figure 12 and
Figure 13 (from January 2002 to December 2004)
appear to show that the model continuously
overestimates the water levels during the low flow
periods. Given that low flow medium high periods are
critical for this study, how was this considered in the
overall uncertainty analysis and conclusions?

are highly uncertain.
Some of them are
useful to answer
specific questions.
The question we are
trying to answer is: is
the model reasonably
calibrated to conclude
that the water level
does/does not drop to
81.1 m assuming that
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Page/ | Paragraph | Detailed Comments Resolve

Section | / Table
the rule curve is
followed in all three
ponds.
There are two choices
for uncertainty “high”
and “low”. Based on
criteria set in the
Technical Rules, our
communication with
MNR and similar Tier
3 analyses in other
SPRs we assigned the
level of uncertainty to
this analysis as low.
The conclusions were
revised to indicate the
high sensitivity of the
intake.

12 1 Original source of unconfined aquifer potentiometric Fixed. A reference to
data should be noted (e.g. provincial WWIS?). the source of data was

added.

12 1 It is agreed that the uncertainty of the groundwater The groundwater
potentiometric mapping is high (if source is the water contribution can be
well records). However the significance of the estimated based on the
groundwater contribution to the water supply, and water balance data
therefore the significance of this high uncertainty to the | which was added.
study results, needs to be addressed. [Question raised More detailed
during peer review meeting] potentiometric data

would not likely
modify the final result,
since the risk is low.

12 1 Either “high” or “low” Fixed

12 2 Original source of Table 9 should be noted. Table was removed

according to the new
Technical Rules

13 1 From the water level and demand plots on Figure 15 it Figure 15 was removed
appears that the water level drop at the time of peak as redundant. The
demand (end of May 2007) is measureable (12 cm) and | water levels do not
the drop is noticeable. The statements made here drop below shut-off
(Section 5.1) appear to be contradictory to the elevation during
observation and statements made in the last paragraph of | Scenario A.

p.18 (Section 6.2) and p. 20 (Section 6.5). Please
explain.
13 2 “... drinking water systems hasa ....” Fixed
14 1 From the water level demand plots on Figures 16 to 21 it | Fixed. Single water

appears that the water levels in Mill Pond

did at time drop below the critical water level (81.4
masl) — which may have caused “reduced pumping rates
at the WTP due to insufficient head” (p. 5). This is
noteworthy.

Why is the shut-off elevation used for the tolerance

level (shut-off
elevation) was used for
the risk assessment




Page/ | Paragraph | Detailed Comments Resolve

Section | / Table
assessment while the critical water level is used for the
risk assessment?

14 2 From the water level demand plots on Figure 22 it Fixed. Single water
appears that the water levels in Mill Pond did at level (shut-off
time drop below and/or reach the critical water level elevation) was used for
(81.4 masl) — which may have caused “reduced pumping | the risk assessment
rates at the WTP due to insufficient head” (p. 5). This is
noteworthy.

Why is the shut-off elevation used for the tolerance
assessment while the critical water level is used for the
risk assessment?

14 3 Re: assignment of “high” tolerance level. Is the WTP Fixed. Using the new
capable of meeting the peak demands of the users of the | Rules the conditions
system when the Mill Pond water levels are at or below | were reassessed.
the critical water level causing reduced pumping rates at
the WTP due to insufficient head? [condition of
Technical Bulletin — Task 2]

15 3 It is stated that the Ottawa Airport precipitation data was | Fixed. RRCA
used for the years 1955-1964. Based on the information | confirmed that the
that we have, the Ottawa Airport started to collect Ottawa CDA
rainfall data in 1967. Please precipitation data was
confirm which data were used. the source of Table 11.

17 Table 10 Please confirm source of data. Fixed. Environment

Canada (via RRCA)
data for the Ottawa
CDA.

17 2 For consistency, reference could be made to the Fixed. A reference to
Technical Bulletin rather than Technical Rule 103. new Technical Rules

was made

19 Tables 11, | Please note source and confirm accuracy of The source of data was

12 (precipitation) data. added.

20 3 Please substantiate the statement: “short term water Paragraph was
level drop of 0.7 m at the end of the vegetation removed as not
season....does not cause.....” in order to justify the required by the Rules.
assignment of “low” risk or that this water level drop
does not result in unacceptable impacts to aquatic
habitat and provincially significant wetlands.

21 Original source of Table 15 should be noted. Table was removed

according to the new
Technical Rules

23 It is agreed that the water level drops below the critical Based on clarification
water level represent measurable and potentially from MNR and
unacceptable impacts. Please see comment re “high” Technical Rules
tolerance level. The tolerance level is potentially low (March 22, 2011) the
and therefore the local area would have a significant critical water elevation
risk. was not used in the risk

analysis. It was

replaced with the shut-

off elevation 0f 81.1 m
24 What is the ability of the methods and model to Uncertainty exists in

accurately reflect the hydrological system resulting
from the stop log operations and what level of
uncertainty does the stop log operation present?

every model, especially
if the model is used to
simulate the manual
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stop-log operation.

In context of the
Technical Rules “high”
uncertainty would
imply that no model
was used or the model
can not predict if the
shut-off water
elevation is reached.

Based on the criteria
set out in the Technical
Rules, our
communication with
MNR and similar Tier
3 analyses in other
SPRs we assigned the
level of uncertainty to
this analysis as low

26 Ref”’s Paul Wisner......Proposed change to the Upper (?) Fixed
Figures Please provide units with elevation bars on figures. Units are in metres
above sea level (masl)
Figure 6 Please provide a direction arrow or statement of Fixed

direction of photo.
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Table 2 - Peer Review Record, Overall Comments

Overall Comments | Resolve
RL Droste, University of Ottawa, March 30, 2011
Points of Evaluation N/A.

Data: The consultant has used the best available
data that is, indeed adequate for the analysis.
Tolerance Assessment: | am in agreement with the
tolerance level assessment.

Risk Assessment: As well, I am in agreement with
the risk level assessment.

Uncertainty Assessment: The quantity of data and
calibrated performance of the model justify
classification of the uncertainty as low.

Somewhere in the report it should be noted that
there is no chance that a replacement for Consoltec
is desired or feasible- if this is the case.

Conclusions were modified.

If my specific comments are addressed, | believe
that the surface water assessment is satisfactory and
able to be replicated.

The report is essentially devoid of comment on the
groundwater assessment. From the presentation in
Cornwall, the consultant did prepare a groundwater
model and the assessment of the groundwater
impacts on the water resources of the watershed
were minimal. The report must provide sufficient
rationale to make this point and thus dismiss the
groundwater scenario analyses.

If the report had been provided in a Word format, |
would have made a number of minor grammatical
changes.

Fixed. A reference to the groundwater study was
added. Additional groundwater analysis will
unlikely change the final result, as the risk is low.

Laura Landriault, Ontario Ministry of Natural Resources, April 4, 2011

A single safe water level should be consistently
used to evaluate the scenarios. In section 2.4 of the
report, this safe water level is defined as the shut-off
water level (i.e. 81.1masl).

Fixed. The shut-off water level (81.1m) was used as
a single safe level.

Other uses, including provincially significant
wetlands, are not evaluated in Scenarios A and B.
As this report indicates that there is no planned
demand or committed demand, neither scenarios
E(1)/F(1) nor scenarios E(2)/F(2) should be
evaluated. Likewise, as there is no reduction in
recharge due to land cover changes, scenarios
E(3)/F(3) do not have to be evaluated.

Fixed.

Given that the water levels do not drop below the
shut-off water level during the assessment period,
the risk level to the local area appears to be low.

Fixed

If you have not received a director’s decision letter
for the Assessment Report, there may be time to
align the Tier 3 water budget report with the March
22, 2011 technical rules’ language and tables. For
example ... (pg 24, 2™ sentence) The ‘uncertainty
and sensitivity analysis’ technical rule is Rule 108
in the March 22, 2011 version of the technical rules.
Rule 36 in the text could be changed to rule 108.

Fixed

Dru Heagle, Geofirma Engineering Limited, April 4, 2011
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Overall Comments

Resolve

The numerical model described in the draft report
appears to adequately represent the Garry River
system and is likely a suitable model for examining
potential stresses on the Alexandria water system. In
order to verify that the model accurately simulates
the surface water flow in the Garry River, which
allows the model to be used to evaluate the Tier 3
scenarios, the description of the model inputs and
the model results should include a more quantitative
account of what the model input parameters were
and what the results were. Additionally, the title of
the document suggests a water budget was
conducted though the results of the water budget
were not shown in the report. Further technical
work is not likely required; however, the water
budgets for the key subwatersheds should be
included in the model.

Fixed. Appendix with all model parameters for all
watersheds was added. A table with the water
budget results was added.

The Technical Rules are referenced in multiple
formats. Please select one format that is consistent
with a formatting style used to reference other
documents. Also, the technical rules are referred to
in the second paragraph without being introduced or
referenced.

Fixed
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Table 3 - Peer Review Record, Second Round of the Detailed Comments

Page /
Section

Paragraph
[ Table

Detailed Comments

Resolve

RL Droste, University of Ottawa, received July 4, 2011

A hard copy of the report with comments was provided.

All comments were
incorporated in the
revised text.

Laura Landriault, Ontario Ministry of Natural Resources, received July 4 , 2011

2 3

Suggest the following edit to ensure that the correct
definition of ‘uses’ is used .... The specific objective of
Tier 3 is to predict whether the Town of Alexandria can
meet existing and planned water quantity requirements
of water uses users (e.g., permitted takings) and water
users uses (e.g., recreation, navigation, ecologic,
assimilative, etc.).

Fixed

While the province (MNR in this case) provides
clarification of the rules related to the safe water
elevation, it is the municipality who defines the shut off
water elevation. We would prefer that the following
edit be made ... ‘After consultation with MNR the
municipality and RRCA the safe water elevation ...’

Fixed

16, 17

The value given for ‘average daily demand’ is 2,109
m3/day in the text and 2,012 m3/day in the table. The
value given for ‘maximum permitted demand (C of A)’
is 5,640m3/day in the text and 5,616 in the table. Why
do the numbers differ between the text and the table?

Fixed. It was a typo in
the table.

27

Propose the following clarification in the last sentence
... ‘It is recommended that a revised Risk Assessment
{Scenarios-E-and-F) (Scenarios A and B) be undertaken
should additional significant demands be added to or
planned for (Scenarios E and F) the local area.

Fixed

NA NA

I did not find references to Figures 24, 25 and 26 in the
text.

Fixed. References and
text were added to
Section 6.4

NA NA

A sentence or two should be added which tells the
reader that the recharge was not refined at Tier 3 and
therefore Significant Groundwater Recharge Areas
remain the same as Tier 2 or Tier 1.

Fixed. The sentence
was added in Section
1.

J.F. Sabourin & Associ

ates Inc. Heather Wilson’s comments, received July 4, 2011

6 1 Page 6, Section 2.4, 1st para - metres above sea level Fixed
rather than “see” level
6 2.4 It is understood that the shut-off water level was the Fixed. A clarification

water level selected for use in the risk assessment. There
still should be a statement affirming that the WTP is
capable of meeting the allocated quantity of water of the
intake when the Mill Pond water levels are at or below
the critical water level given that water levels below the
critical water level cause reduced pumping rates at the
WTP due to insufficient head.

sentence was added in
Section 2.4
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Page/ | Paragraph | Detailed Comments Resolve

Section | / Table

21 2 The mention of two distinct categories of water demand | Fixed. We removed a
may be confusing given that the March 22, 2011 confusing definition of
Technical Rules (99) defines “other water uses” and “water uses” and
includes “other water takings” under that heading. “water users”. We
Explanatory Note 4 does then single out “other water separated allocated
takings” (Rule 99 (b)) for the scenario evaluation. quantity of water of the

intake (as per Rule
101) and other water
uses (as per Rule 99)

22 4 Page 22, Section 6.2, 4™ para — “As an additional step,..” | Fixed

25 6.5 As noted in the risk analysis discussion, the assignment | Fixed. A sentence was
of a “low” risk to the local area assumes that there will added to Section 6.5
be no new developments in the Alexandria local area,
and therefore no significant increases in impervious
areas or conversion of existing land cover upstream of
Mill Pond Dam. This assumption would bear repeating
in Section 6.5.

25-26 7 Pages 25-26, Section 7 - The factors cited for assigning | Fixed
uncertainty need to be updated to those listed in Part
IX.3 Uncertainty and Sensitivity Analysis, Rule 108 in
the March 22, 2011 version of the Technical Rules.

26 7 Under the Technical Rules, a high uncertainty can mean | Fixed. A caveat was
that the methods and models used to evaluate the added in Section 7 that
scenarios are unable to accurately reflect the hydrologic | the model can not
system of the local area for both steady state and simulate actual stop-
transient conditions. It is understood that the uncertainly | log operation.
of the risk level was assessed to be “low”. However the
inability of the hydrological modelling to simulate the
effects of the stoplog operations should be noted in the
discussion and a caveat placed on this “low” uncertainty
rating.

26 6.4 Section 7 — The statement under General Observations, Fixed. A paragraph

Section 6.4, page 26 regarding the criticality of
maintaining sufficient storage in Middle Lake and Loch
Garry during high water demands and adverse
meteorological conditions could be repeated in the
Conclusions as well.

was added to the
Conclusions.
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