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Mattamy Homes Limited (Mattamy) initiated a Water and Sewer Master Servicing Study for the Village of
Richmond (Richmond) in 2008. This study, led by Stantec Consulting Ltd. (Stantec), included an investigation of
the servicing options for the Village, which include the property controlled by Mattamy (site). The approximate
site boundary is shown on Figure 1. The MSS identified communal wells as the preferred water servicing option
for the site. In 2010, Mattamy released their option on part of the site, which was purchased by Richmond Village
(North) Limited and Richmond Village (South) Limited (together referred to as RV). The Mattamy and RV
properties are together referred to as the Western Development Lands.

There are two primary bedrock aquifer systems which can be used for water supply at the site. The upper aquifer
is typically contained within the upper 35 metres of the Oxford Formation (limestone/dolostone). The majority of
the private residential wells within Richmond are completed within this upper aquifer. The lower aquifer is
contained within the upper portion of the Nepean Formation (sandstone) and lower portion of the March
Formation (interbedded limestone and sandstone). This lower aquifer tends to be substantially more productive
in comparison to the upper aquifer. Communal wells in the area (King's Park and Hyde Park in Richmond, and
wells in Almonte, Munster, Kemptville and Merrickville) draw water from the lower aquifer. In some areas the two
aquifers are separated by a bedrock aquitard consisting of limestone of the lower Oxford Formation and
interbedded limestone and sandstone of the upper March Formations. The presence of this aquitard is often
indicated by strong upward vertical gradients between the aquifers. The potentiometric surface of the lower
aquifer is typically above ground surface, and welis therefore completed within this aquifer often flow.

Investigations that included well construction and aquifer testing were undertaken to assess the hydrogeological
characteristics of the lower sandstone aquifer at the site. In November 2009, a 48-hour pumping test was
conducted by Golder Associates Ltd. (Golder) using a pumping rate of 1,273 Litres per minute (L/min) on a well
(PW08-1) completed in the lower sandstone aquifer. The transmissivity and storativity values generated by the
analysis of drawdown data from the pumping test range from 328 metres squared per day (m2/day) to
700 m%/day and from 9 x 10™ to 1 x 107, respectively. Based on the results of the pumping test, the sustainable
yield of the well was estimated to be 2,600 L/min (Golder, 2011).

To allow for additional testing of the deep aquifer at the site, a second production well (PW09-1) was completed
in the lower sandstone aquifer. The following provides a summary of the aquifer testing program completed
using PW09-1.

Golder Associates Ltd.
32 Steacie Drive, Kanata, Ontario, Canada K2K 2A9
Tel: +1 (613) 592 9600 Fax: +1 (613) 592 9601 www.golder.com

Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America

Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation.



08-1122-0078
November 10, 2011

Michel Kearney, Cheryl McWilliams, Kevin Hall
City of Ottawa

Production Well Construction (PW09-1)

In December 2009, a 0.254-metre diameter production well (PW09-1)was drilled to a depth of 70 metres below
ground surface (mbgs). PW09-1 is located near the eastern property boundary approximately 650 metres south
of Perth Street (see location on Figure 1). The production well was completed with 45.72 metres of steel well
casing which was grouted in place. The steel casing was installed through the upper portion of the Oxford
Formation (i.e., through the upper aquifer), and groundwater flow to the pumping well is expected to occur
primarily from the lower aquifer. A schematic of the well construction details for PW09-1 is provided in
Attachment 1.

Aquifer Testing Methodology and Observations

A 72-hour pumping test was conducted at PW09-1 between September 27 and September 30, 2011. Recovery
measurements were collected until October 3, 2011. The pumping test was started at a rate of 2,690 L/min.
After the first day of pumping, the rate decreased slightly due to a loss of pump efficiency. The remainder of the
test was completed at a rate that ranged from 2,690 L/min to 2,410 L/min.

During the pumping test, water level data was collected from the pumping well (PW09-1) and nine observation
wells (PW09-2, PW08-1, MW08-1A, MW08-1B, MW08-1C, MW10-3A, OW-1, OW-2 and OW-3). The locations
of the observation wells are shown on Figure 1, and the well completion details are provided on the logs in
Attachment 1. The following table provides the radial distance from the pumping well, the open portion of the
well, the formation the well is completed in, the static water level and the maximum drawdown measured during
the pumping test for each location:

. g Maximum
. I_Qadlal Open Portion of : Static Water Drawdown
Location Distance Formation Level .
(m) Well (mbgs) (mags/mbgs) Measured During
g g Pumping Test (m)
) open hole from 1
PW09-1 0 45 72 to 70.00 Upper Nepean 2.07 mags 52.5
h open hole from
PW09-2 5 45.72 to 70.00 Upper Nepean 2.07 mags 479
open hole from
PWO08-1 35 4579 to 13716 Upper Nepean 2.32 mags 3.82
MW10-3A 79 44106.0 Upper Oxford 0.99 mbgs 0.7
MWO08-1A 93 66.90 to 75.23 Upper Nepean 2.32 mags 3.6
MW08-1B 93 48.51 to 53.46 Lower Oxford 2.36 mags 3.4
M\qvga- 93 7.47 0 12.04 Upper Oxford 112 mags 19
] open hole from
Oow-1 130 6.71 to 31.39 Lower Oxford 0.58 mags 1.8
j open hole from
ow-2 190 6.71 to 31.39 Lower Oxford 0.47 mbgs 0
) open hole from
Oow-3 221 10.36 to 37.49 Lower Oxford 1.55 mags 1.7

mags — metres above ground surface; mbgs — metres below ground surface

' Static water level could not be measured as well was flowing, static level assumed to equal static level in PW09-2
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Water level measurements were collected in the observation wells using pressure transducers and data loggers,
with periodic manual water level measurements collected for quality control. Due to the configuration of the
pumping equipment that was used in PW09-1, a data logger could not be used appropriately, and only manual
measurements were collected from the pumping well.

During the 72-hour pumping test the water level in OW-2 showed no significant change. Following the pumping
test, OW-2 was sounded to confirm the well depth. At that time, the well was found to be blocked at a depth of
approximately four metres. As such, OW-2 is not considered to be representative of aquifer conditions at the
site, and will not be considered in the discussion provided below.

Aquifer Test Analysis

The drawdown and recovery data obtained during the 72-hour pumping test was analyzed using the Cooper and
Jacob equation (Cooper and Jacob, 1946) and the Theis recovery equation (Theis, 1935), respectively, to
estimate the local aquifer characteristics (transmissivity and storativity). The following table summarizes the
results:

Location Transmissivity - Transmissivityz— Theis s[t;:x:("\ggn_
Drawdown (m“/day) Recovery (m“/day) (dimenslonless)
PW09-1 - 592 -
PW09-2 630 599 48x10°
PW08-1 672 644 59x10™*
MW10-3A = 527 -
MWO08-1A 663 638 1.4x10*
MWO08-1B 567 537 46x10%
MW08-1C 637 453 1.0 x 107
OW-1 606 453 5.7 x 107
OW-2 - = -
OW-3 755 570 1.4x10°

Curve matching plots developed during the analysis of the drawdown and recovery data are provided in
Attachment 2. Drawdown data collected in MW10-3A was sparse during the first 36 hours of the pumping test,
and only recovery data could be analyzed. There is some question regarding the cause of the water level
changes noted in this monitor, and it may reflect a precipitation event rather than response to pumping. The
manual drawdown data from the pumping well PWQ09-1could not be used with confidence and only recovery data
was analyzed. The transmissivity of the lower sandstone aquifer is estimated to range from 500 m?/day to
800 m2/day. The pumping test results indicated that the sustainable yield for well PW09-1 is at least the
minimum pumping rate of 2,410 L/min and is likely greater.
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Preliminary Predictive Simulations

To estimate the potential drawdown associated with the long-term pumping related to water supply for the
Western Development Lands, a simplified three-dimensional numerical groundwater model was constructed
based on the results of the aquifer testing program. The code used was MODFLOW (McDonald & Harbaugh).
Predictive simulations were completed using the assumed water taking rates required to supply the Western
Development Lands. The assumptions are as follows:

m The RV lands will contain 1,000 units, including 650 singles and 350 town homes;
m The Mattamy lands will contain 1,000 singles; and,
m Average water demand is 835 L/day/unit for singles and 720 L/day/unit for town homes.

The number of planned units was provided by representatives of Mattamy and RV. The unit demand rates were
taken from the Master Servicing Study (Stantec, 2011).

Using these assumptions, the average water demand for the Western Development Lands is 1,132 L/min.

The results of the numerical simulations suggest that pumping of PW09-1 (completed within the lower sandstone
aquifer) at a rate equal to the assumed average daily pumping rate for the Mattamy/RV development
(1,132 L/min), will result in a drawdown of approximately 1.0 metre at OW-1, and approximately 0.8 metres at
OW-3 after 20 years of pumping. These two observation wells are completed in a similar manner and to a similar
depth as typical private wells in Richmond. However, because they are flowing wells, they are considered
representative of wells obtaining water from the upper limestone aquifer within an area of enhanced connection
to the lower sandstone aquifer. OW-1 is located approximately 130 metres from the pumped well, and is closer
than any existing private well. OW-3 is located approximately 220 metres from the pumped well, which is similar
to the approximate radial distance of the nearest private well. A drawdown of less than one metre is considered
insignificant and would not be noticed by local groundwater users.

If a maximum day demand of 2,320 L/day/unit for single family homes and 720 L/day/unit for town homes
(Stantec, 2011) is assumed, a total demand of 2,833 L/min is predicted. This is slightly more than the pumping
rate used during the 72 hour pumping test, and could be accommodated by one or both of the production wells
without causing significant drawdown in the aquifer. Maximum day is typically not experienced for more than a
few days at a time, but a numerical simulation was run using the maximum day rate for a period of 20 years.
After this time, the drawdown at OW3 is predicted to be approximately two metres, which is considered minimal.

Groundwater Quality

The lower sandstone aquifer underlying the site is regionally extensive, and is utilized by the King's Park and
Hyde Park communal wells in Richmond, as wells as the communal wells systems in Almonte, Munster,
Kemptville and Merrickville. In general, the groundwater quality in the lower aquifer is slightly better than in the
upper aquifer. The groundwater in the lower aquifer is hard (typical for groundwater sources) and occasionally
exceeds the non-health related aesthetic criteria for iron. The exceedances of the aesthetic criteria for iron in the
lower aquifer are within the limit treatable using conventional water softening. Overall, wells completed in the
lower aquifer are expected to produce groundwater that is safe and aesthetically suitable for human
consumption.

The following description of the water quality and required treatment was provided by the City of Ottawa in the
2010 Annual Report for the King's Park communal well system:

? Golder
47 L7 Associates



Michel Kearney, Cheryl McWilliams, Kevin Hall 08-1122-0078
City of Ottawa November 10, 2011

The Kings Park water supply (serving a subdivision of Richmond) draws ground water from either one of
two wells. The two wells are located at opposite ends of the Kings Park subdivision. The source water
has consistently been found to be clear of bacteria and chemical contaminants, has a high hardness level
and a noticeable concentration of naturally occurring iron and hydrogen sulfide.

The treatment process in Kings Park consists of the following steps:
®  Disinfection (free chlorine using sodium hypochlorite) which also oxidizes hydrogen sulphide; and,
®  Chlorine contact time.

This treatment process results in water that is clear and safe to drink. There is a slight noticeable taste of
elemental sulphur in the finished water.

A similar treatment process and resulting acceptable water quality for drinking is reported by the Almonte,
Munster, Kemptville and Merrickville communal well systems supplied by the lower sandstone aquifer. Based on
the available water quality data from the existing communal well systems, high quality potable water is available
from the lower sandstone aquifer underlying the site. To confirm that the water quality in the sandstone aquifer
at the site is consistent with the water quality measured at the existing communal wells, water quality testing was
completed at three intervals during the pumping test at PW09-1.

Following 20 hours of pumping and 44 hours of pumping at PW09-1, samples were collected for the “General
Geochemistry of Groundwater package” which includes basic inorganic and metals parameters of interest in
groundwater. Following 72 hours of pumping at PW09-1, samples were collected for a suite of volatile organic
compounds (VOCs), as well as the “Subdivision Package” which includes a variety of organic, inorganic, metals
and bacteriological parameters. All groundwater samples obtained from PWO09-1 were collected using
appropriate sampling and preservation techniques, placed in coolers with ice packs and delivered to
Exova Laboratories Ltd. of Ottawa, Ontario.

The results of the water quality testing for PWQ09-1 are provided in Table 1. The water from PW09-1 is of
excellent quality, meeting all of the health related Ontario Drinking Water Quality Standards and all of the
established aesthetic objectives for the parameters tested. The hardness concentration of 286 to 305 milligrams
per Litre (mg/L) at PW09-1 exceeds the operational guideline of 100 mg/L, but is considered typical for
groundwater derived from a bedrock aquifer. The water quality measured at PW09-1 remained stable during the
pumping test, and is consistent with the water quality observed at the existing communal wells completed in
Richmond, and the water quality observed during the previous pumping test at PW08-1 (Golder, 2011). As a
result, it is expected that communal wells completed at the site will provide high quality potable water.

Summary

This memorandum summarizes the aquifer testing and subsequent analysis completed at PW09-1 by Golder as
part of the ongoing hydrogeological investigation for the Western Development Lands. A 72-hour pumping
testing was completed on production well PW09-1. Based on the results of the pumping test, the sustainable
yield at PW09-1 is at least 2,410 L/min. Analysis of the drawdown and recovery data gathered during the
pumping test result in transmissivity estimates that ranged from 500 m2/day to 800 m2/day. Preliminary predictive
numerical simulations were completed to estimate the potential impact of long-term pumping of the lower aquifer
on private wells in Richmond. The preliminary modelling results, as wells as the drawdown observed during the
72-hour pumping test, suggest that long-term pumping of the lower aquifer will not interfere with water supply
from the upper aquifer.
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Attachments: Table 1 — PW09-1 Water Quality Results
Figure 1 — Site Plan
Attachment 1 — Water Well Records and Borehole Logs
Attachment 2 — Drawdown and Recovery Plots
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TABLE 1
PW09-1 WATER QUALITY RESULTS
RICHMOND MATTAMY LANDS, OTTAWA, ONTARIO
FLoceﬁon PW09-1 {21 Hours) | PW08-1 (21 Hours) | PW09-1 {21 Hours)
Date Sampled ODWSO0G 28-Sep-11 29-Sep-11 30-Sep-11
Parameter
|[Bacteria
|_Escherichia Coli {units - CFU/100mL) 0 (MAC) -- -- 0
Total Coliforms (units - CFU/100mL) 0 {MAC) - - 0
Volatile Organic Compouns - VOCs
1.1.1.2-tetrachloroethane = = <05
1,1,1-trichloroethane - - <0.4
1,1.2,2-tetrachloroethane -- - <0.5
1,1,2-trichloroethane -- -- <0.4
1.1-dichloroethane - == <0.4
1.1-dichioroethylene 14 (MAC) -- -- <0.5
1.2-dibromoethane -- - <0.2
1,2-dichlorobenzene 200 (MAC) -- = <0.4
1,2-dichloroethane 5 (MAC) - - <0.2
1.2-dichloropropane -- = <05
1.3,5-timethylbenzene - -= <0.3
1.3-dichlorobenzene -~ -i <0.4
1.4-dichlorobenzene 5 (MAC) - - <0.4
|Benzene 5 (MAC) -- - <0.5
Bromodichloromethane == == <0.3
Bromoform -- == <0.4
Bromomethane - = <05
c-1,2-Dichloroethylene -- = <0.4
c-1,3-Dichloropropylene - -a <0.2
Carbon Tetrachloride 5 (MAC) -- -- <0.5
Chloroethane -- - <0.2
Chloroform -- =5 <0.5
Chloromethane -~ = <0.2
Dibromochloromethane .- - <0.3
Dichlorodifluromethane -- -- <0.5
Dichloromethane 50 (MAC) -- - <4,0
Ethylbenzene 2.4 (AO) - -= <0.5
-= - <0.5
Monochlorobenzene 80 (MAC) - - - <0.2
liG | Chemistry
[lAlkalinity as CaC0O3 500 (OG) 259 258 258
lIcalcium 75 81 79
Chloride 250 {AQ) 43 43 44
Conductivity (Lab) (units uSfcm) 664 673 676
Conductivity (Field) (units uS/cm) 627 593 647
Colour (units - TCU) 5.0 (AO) - - <2
Dissolved Organic Carbon 5.0 (AO) -- -- 1
Fluoride 1.5 (MAC) 0.25 0.25 0.25
lron 0.3 (AQ) 0.13 0.11 0.16
Hydrogen Sulphide 0.05 (AO) == -- <0.01
[Hardness as CaC0O3 100 (OG) 286 305 296
lllon Balance = -- 0.95
IIMagnesium 24 25 24
Manganese 0.05 (AQ) <0.01 <0.01 <0.01
HAmmonia {N-NH3) - LS 0,04
"ﬂrile (N-NO2) 1.0 (MAC) = - <0.1
Nitrate (N-NO3) 10 (MAC) <0.10 <0.10 <0.1
I‘f)H {Lab) (pH units) 7.93 7.97 7.98
H (Field} (pH units) 6.32 6.41 6.47
Phenols .- -- <0.001
lmwum — = 3
Sodium 2007 (AQ) 24 24 23
Sulphate 500 (AO) 46 46 47
Tannin & Lignin <0.1 0.2 <0.1
Temperature (Fieid) ("C) 11.6 10 10.8
Total Kjeldahi Nitrogen -- -- <0.1
Turbidity {units - NTU) 5.0 (AO) .- -- 1.6
Total Dissolved Solids 500 (AQ) - - 439

Notes:

all units are in mg/L unless otherwise noled

ODWSOG - Ontario Drinking Water Standards, Objectives and Guidelines

AO - aesthetic objective
OG - operational guideline

MAC - maximum acceptable concentraiion

Bold Values - indicate an exceedance of ODWSOG
a - the aesthetic objective for sodium in drinking water is 200 mg/L. The local Medical Officer of Health
should be notified when sodium concentrations exceed 20 mg/L.

TCU - true colour units
NTU - nephelometric turbidity unit

Golder Associates
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ATTACHMENT 1

Water Well Records/Borehole Logs
(PW09-1, PW09-2, PW08-1, MW08-1, MW10-3A, OW-1, OW-2 and OW-3)
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PROJECT: 08-1122-0075 RECORD OF BOREHOLE: 10-3 SHEET 1 OF 2
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Michel Kearney, Cheryl McWilliams, Kevin Hall 08-1122-0078
City of Ottawa November 10, 2011
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