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Statement of Qualifications and Limitations 
 

 

The attached Report (the “Report”) has been prepared by AECOM Canada Ltd.  (“Consultant”) for the benefit of the client (“Client”) in 

accordance with the agreement between Consultant and Client, including the scope of work detailed therein (the “Agreement”). 

 

The information, data, recommendations and conclusions contained in the Report (collectively, the “Information”): 

 

 is subject to the scope, schedule, and other constraints and limitations in the Agreement and the qualifications 

contained in the Report (the “Limitations”); 

 represents Consultant’s professional judgement in light of the Limitations and industry standards for the preparation 

of similar reports; 

 may be based on information provided to Consultant which has not been independently verified; 

 has not been updated since the date of issuance of the Report and its accuracy is limited to the time period and 

circumstances in which it was collected, processed, made or issued; 

 must be read as a whole and sections thereof should not be read out of such context; 

 was prepared for the specific purposes described in the Report and the Agreement; and  

 In the case of subsurface, environmental or geotechnical conditions, may be based on limited testing and on the 

assumption that such conditions are uniform and not variable either geographically or over time. 

 

Consultant shall be entitled to rely upon the accuracy and completeness of information that was provided to it and has no 

obligation to update such information.  Consultant accepts no responsibility for any events or circumstances that may have 

occurred since the date on which the Report was prepared and, in the case of subsurface, environmental or geotechnical 

conditions, is not responsible for any variability in such conditions, geographically or over time. 

 

Consultant agrees that the Report represents its professional judgement as described above and that the Information has been 

prepared for the specific purpose and use described in the Report and the Agreement, but Consultant makes no other 

representations, or any guarantees or warranties whatsoever, whether express or implied, with respect to the Report, the 

Information or any part thereof. 

 

Without in any way limiting the generality of the foregoing, any estimates or opinions regarding probable construction costs or 

construction schedule provided by Consultant represent Consultant’s professional judgement in light of its experience and the 

knowledge and information available to it at the time of preparation. Since Consultant has no control over market or economic 

conditions, prices for construction labour, equipment or materials or bidding procedures, Consultant, its directors, officers and 

employees are not able to, nor do they, make any representations, warranties or guarantees whatsoever, whether express or 

implied, with respect to such estimates or opinions, or their variance from actual construction costs or schedules, and accept no 

responsibility for any loss or damage arising therefrom or in any way related thereto. Persons relying on such estimates or 

opinions do so at their own risk. 

 

Except (1) as agreed to in writing by Consultant and Client; (2) as required by-law; or (3) to the extent used by governmental 

reviewing agencies for the purpose of obtaining permits or approvals, the Report and the Information may be used and relied 

upon only by Client.  

 

Consultant accepts no responsibility, and denies any liability whatsoever, to parties other than Client who may obtain access to 

the Report or the Information for any injury, loss or damage suffered by such parties arising from their use of, reliance upon, or 

decisions or actions based on the Report or any of the Information (“improper use of the Report”), except to the extent those 

parties have obtained the prior written consent of Consultant to use and rely upon the Report and the Information. Any injury, loss 

or damages arising from improper use of the Report shall be borne by the party making such use. 

 

This Statement of Qualifications and Limitations is attached to and forms part of the Report and any use of the Report is subject 

to the terms hereof. 

 



 
AECOM 
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Waste Management 
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Dear Mr. Jenken: 

 

Project No: 60289364 

Regarding: Surface Water Assessment Report for the 

West Carleton Environmental Centre Landfill 

 

AECOM is pleased to provide you with the attached Surface Water Assessment Report for the West 

Carleton Environmental Centre Landfill. 
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Sincerely, 

AECOM Canada Ltd. 

 

 
 

Larry Fedec, P. Eng., M.B.A. 

Manager, Waste Services 

Larry.Fedec@aecom.com 
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1. Introduction 

The West Carleton Environmental Centre (WCEC) is located on the west side of Carp Road north of Highway 417 

and owned by Waste Management (WM) of Canada Corporation.  The property is legally described as part of Lots 2, 

3 and 4, Concession II, and part of Lots 3, 4 and 5, Concession III of the former Township of West Carleton (now 

City of Ottawa). The existing landfill is now closed.  An Environmental Assessment (EA) which identified the 

preferred landfill expansion alternative (AECOM 2012) following the requirements of the provincial Environmental 

Assessment Act, has already been prepared, submitted and approved by the Ontario Minister of the Environment.  It 

was approved by the Minister in September 2013. This Surface Water Assessment Report is primarily based on the 

Environmental Impact Statement for the West Carleton Environmental Centre Landfill Expansion (EIS) (AECOM 

2014), Supporting Document 5 – Detailed Impact Assessment Reports (Environmental Assessment for a New 

Landfill Footprint at the West Carleton Environmental Centre, Surface Water Detailed Impact Assessment (AECOM 

2012), and Development and Operations Report: West Carleton Environmental Centre (WSP 2014).   

 

1.1 Study Area 

The southern half of the proposed landfill expansion area is situated on WM-owned lands and the northern half is on 

lands that WM has options to purchase.  The proposed landfill would be situated immediately north of the existing, 

now closed landfill.  The final contours of the proposed landfill reflect a rectangular landform with a maximum 

elevation (top of final cover) of 155.0 mASL. This elevation is approximately 30 m above the surrounding existing 

grade. By comparison, the maximum elevation of the existing Ottawa WMF landfill is considerably higher at 

approximately 172 mASL. The contours reflect maximum side slopes of 4H to 1V, and a minimum slope of 5%. The 

footprint area of the new landfill is 37.8 ha but including surrounding roads, stormwater ponds and clearing, the 

landfill operations will cover approximately 68 ha.  

 

The existing landfill site and proposed landfill expansion area are situated adjacent to the south tributary of the 

Huntley Creek sub-watershed of Carp River.  The existing WM Ottawa landfill and proposed expansion lies within 

the watershed of the Carp River. It drains an area of approximately 306 km² and discharges to the Ottawa River at 

Fitzroy Harbour.  For most of its length, the Carp River flows through poorly drained clay soils in a relict glaciofluvial 

channel of the Ottawa River.  The Carp River has four major tributaries draining into it:  Corkery Creek, Huntley 

Creek, Feedmill Creek and Poole Creek. The sub-watershed area is relatively flat with a significant amount of 

wetland and scattered agricultural use as well as ongoing estate-lot residential development.  

 

The south tributary of the Huntley Creek has a limited drainage area with a headwater area generally defined to the 

west and south by Highway 417, to the north by Cavanmore Road, and to the east by Carp Road (Figure 1).  Local 

drainage patterns are somewhat undefined and are characterized by large wetland areas that have significant 

storage potential, especially in the vicinity of the landfill site.  Depending on the magnitude of rainfall and the 

storage-discharge characteristics of the various wetland areas, flow from these locations may or may not be realized 

on adjacent lands and at the landfill Site.  

 

A portion of the existing landfill site was a former gravel pit and has relatively permeable, silty-sandy soils. Municipal 

water supply in adjacent built-up areas to the south (Ottawa – Stittsville) and east (Ottawa - Kanata) is from the 

Ottawa River at the Britannia intake, while water supply for the built up area to the north (Ottawa-Carp) is from local 

municipal wells. Water supply for the rural areas is from private wells.  
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2. Existing Conditions 

There are no permanent or intermittent streams within the proposed landfill footprint, and therefore there is no 

change to the frequency, magnitude or duration of stream flow, water levels, annual water budgets, etc. expected for 

surface water bodies on the Site. On the existing site, there are two (2) stormwater management (SWM) ponds that 

discharge to groundwater. The existing private water and sewage services at the existing landfill are suitable for 

continued use by WM for the proposed WCEC development and the continued use by WM is not expected to have 

an impact on the groundwater quality of neighbouring properties (WESA, 2014).  

 

2.1 Surface Water Quantity 

The Site is situated within the South Huntley Creek watershed, which drains in an easterly direction north of the Site. 

The South Huntley Creek is a tributary of Huntley Creek, which in turn empties into the Carp River northeast of the 

Site (Figure 1). Catchments have been identified that contribute flow to the south tributary of Huntley Creek at the 

crossing located south of the intersection of Carp Road and Richardson Sideroad. The remaining drainage area for 

the south tributary, upstream of Richardson Sideroad, has not been formally identified but is likely constrained to the 

west by Highway 417 and to the north by Cavanmore Road. Surface runoff from these drainage areas are conveyed 

by either small natural streams or roadside ditches. Roadway crossing along William Mooney Road, Richardson 

Sideroad and Carp Road typically comprise of corrugated steel pipes (CSP) or small concrete box structures.  

 

The Site is relatively flat with the exception of the existing landfill mound, which rises approximately 40 – 45 m above 

the adjacent ground. Generally, the land slopes north-easterly and local drainage patterns are influenced by 

wetlands and manmade depressions (ponds, pits). These features serve as groundwater recharge areas and 

contribute to South Huntley Creek base flow. A portion of the groundwater flow is also drawn by the quarry east of 

the Site.  

 

For additional information regarding surface water quantities, please refer to Development and Operations Report: 

West Carleton Environmental Centre (WSP 2014). 

 

2.1.1 Drainage Areas with No Off-Site Drainage 

As shown on Figure 2, the existing landfill footprint belongs to three (3) separate, no outlet Drainage Areas B, C and 

D.  The existing waste transfer and processing facility (WTPF) in the southwest part of the Site is located within 

Drainage Area E.  The old aggregate extraction pit (Depression #5) forms another no outlet Drainage Area A.  In 

total, on Site, no outlet areas occupy 127.5 ha out of 188.3 ha under pre-development conditions.   

 

2.1.1.1 Drainage Area A 

Drainage Area A, located in the northeast corner of the Site, occupies approximately 10.08 ha.  Surface water drains 

overland into Depression #5 which is an old, presently unused aggregate extraction pit.  The west part of the existing 

Laurysen manufacturing facility and gravel yard west of the building belong to this catchment.  Surface water flow is 

not channelized.  The bottom of Depression #5 is at approximately 117.5 mASL. 

 

2.1.1.2 Drainage Area B 

Drainage Area B is subdivided into two (2) subcatchments, B1 and B2.  Catchment B1 collects stormwater from the 

north slope of the existing landfill.  The landfill perimeter ditch directs stormwater to the existing Stormwater Pond #1 
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which overflows into the elongated natural wetland (Depression #3).  Under high flow conditions Depression #3 may 

overflow into the rehabilitated old Dibbley Pit (Depression #4) which has a bottom elevation at approximately 

122.0 mASL.  Sub-Area B2 drains directly into Depression #4. Drainage Area B has a very large water storage 

capacity particularly within Depression #4 where the water level would have to rise more than 3 m before overflowing 

in a northerly direction.  Drainage Area B encompasses 39.47 ha. 

 

2.1.1.3 Drainage Area C 

Drainage Area C is also subdivided into two (2) subcatchments, C1 and C2.  Area C1 includes a large portion of the 

south slope of the existing landfill and lands to the south of the existing landfill.  Sub-basin C2 collects runoff from 

the majority of the Closed South Cell including the poplar plantation and lands surrounding the Gas to Energy 

Facility.  Area C1 drains via manmade ditch into existing Stormwater Pond #2.  Under high flow conditions, this pond 

may overflow into adjacent Depression #1 which services sub-basin C2.  Depression #1 also has substantial storage 

capacity and the water level may rise up to 124.5 mASL (approximately 2 m) without overflowing.  Drainage Area C 

encompasses 45.19 ha. In the future, poplar/willow plantations may occupy part of Subcatchment Areas C1 and C2 

and will ultimately drain to Depression #1.  Flows would be reduced if poplars/willows were planted compared to 

present flows. 

 

2.1.1.4 Drainage Area D 

Drainage Area D includes the most easterly part of the existing landfill and the north section of the Closed South 

Cell.  Stormwater drains into Depression #2 which lies south of the lined part of the existing landfill.  Ground 

elevations range from 121.5 (bottom of Depression #2) to 170 mASL at the top of the existing landfill mound.  The 

area occupies 21.34 ha.  Poplar/willow may also be developed in the west part of this area. 

 

2.1.1.5 Drainage Area E 

This 11.50 ha catchment in the southeast part of the Site is very flat and mostly tree covered.  Stormwater drains 

into the wetland inside the wooded area north of Highway 417.  The existing waste transfer station is located within 

the slightly elevated west part of this area. 

 

2.1.2 Drainage Areas Discharging Off-Site  

The remaining drainage areas (SH1 and SH2) discharge off-Site to the South Huntley Creek and Drainage Area FD 

to the Highway 417 drainage system and ultimately to Feedmill Creek.  A small portion of the Site near the existing 

landfill entrance (Drainage Area F) drains into the quarry on the east side of Carp Road.  Generally, drainage areas 

discharging off-Site are located along the Site perimeter and do not encroach waste fill or waste processing areas. 

 

2.1.2.1 Drainage Area F 

This relatively small drainage area of 5.8 ha, on the west side of Carp Road near the existing landfill entrance, drains 

northerly along the roadside ditch which crosses Carp Road south of the existing Laurysen building entrance.  

Further downstream this channel enters Huntley Quarry.  The 1:100 year peak flow at the Carp Road crossing is 

estimated at 0.99 m
3
/s.  This area has a higher level of imperviousness due to paved road surfaces within the Carp 

Road allowance and near the existing landfill entrance. 
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2.1.2.2 Drainage Area SH1 

This large catchment of 41.35 ha occupies the northwest part of the Site.  Generally, it drains northerly towards 

South Huntley Creek through several channels.  A large part of this area drains overland towards Richardson 

Sideroad along an undefined flow path.  Ditching north of the WTPF directs stormwater westerly across William 

Mooney Road where it joins the tributary of South Huntley Creek.  In summary, stormwater outletting from this basin 

follows multiple pathways instead of a single concentrated channel.   

 

The area is relatively flat with ground elevations varying from 127 mASL in the south beside the existing landfill to 

121.5 mASL in the north near the property boundary.  This basin includes a large woodlot and open field which is 

used for agricultural purposes. 

 

2.1.2.3 Drainage Area SH2 

Runoff from this area of 5.77 ha, located in the northeast corner of the Site, drains northerly via roadside ditch along 

Carp Road into South Huntley Creek.  This area includes the commercial/industrial strip on the west side of Carp 

Road including a large part of the Laurysen manufacturing facility.  Generally land in this part of the Site slopes 

easterly towards Carp Road.  The Rational Method 1:100 year peak flow at the outlet of this area was calculated as 

0.75 m
3
/s. 

  

2.1.2.4 Drainage Area FD 

This small drainage area of 7.79 ha is situated along the southern property boundary and drains into the Highway  

417  ditching  system  which  ultimately  discharges  into  the  Carp  River  through  Feedmill  Creek east of the Site.  

There is minimal direct off-Site discharge from this catchment, generally limited to the external slopes of perimeter 

berms along the south and east boundaries of the landfill property. 

 

2.2 Water Quality 

2.2.1 Background 

Surface runoff from the existing landfill and on-Site service roadways generally does not discharge off-Site. Runoff is 

directed to stormwater management (SWM) facilities where collected surface water either evaporates or recharges 

to groundwater. An exception is the southwest corner of the existing landfill Site where the Site currently drains west 

to William Mooney Road.  

 

The water quality monitoring program for surface water for the existing landfill Site included both on-Site and off-Site 

sampling locations relating to the Annual Reports (WESA 2003 through 2013). Detailed results for this monitoring 

program can be found in the annual report series: Annual Report – Waste Management Ottawa Landfill (WESA 2003 

through 2013) and in Appendix A (Tables A1 and A2), which contains detailed summaries of surface water 

monitoring results.  

 

Surface water monitoring at additional off-Site locations was undertaken in 2006 and 2011, for the EA, to identify 

baseline water quality conditions. The results from these surveys have been summarised for water quality field 

parameters including pH, temperature, conductivity, and dissolved oxygen and assessment criteria parameters as 

identified in Table A and Table B in Technical Guidance Document - Monitoring and Reporting for WDS - Ground 

and Surface Water (MOE 2010).  
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The on-Site surface water monitoring was undertaken for several years in the vicinity of the SWM ponds, at Sites S6, 

S8, S17 and “POND” but was discontinued in 2008 given that surface water does not discharge off-Site from the 

SWM facilities (Figure 4). A review of the parameter values summarised in Appendix A suggests that on-Site SWM 

runoff is not impacted by waste or waste management activities: typically the values for surface water parameters do 

not exceed Provincial Water Quality Objectives (PWQO). Accordingly, the Site Environmental Monitoring Plan (EMP) 

was revised to reflect the reduced monitoring and focused on potential down-gradient groundwater impacts and 

monitoring. This included monitoring in the Highway 417 north ditch which is believed to intercept the groundwater 

table.  

 

Current surface water monitoring sites located along the Highway 417 north ditch east of Carp Road include S1, S3 

and S10 drain to Feedmill Creek. Sampling is conducted on a semi-annual basis (Spring and Fall).  

 

Surface water samples were not obtained from S1 and S3 in the Fall of 2013 due to construction on Highway 417, 

which prevent access to the monitoring locations. The 2013 results for the highway ditch locations are consistent 

with the previous years. The leachate indicators are generally found at or near the lower limit of their historical range. 

There was an exceedance of the Assessment Limits for the Site at S1 for Boron. Iron continued to exceed the 

PWQO at S1, S3 and S10. However, iron is not an Assessment Parameter for the WM Ottawa Landfill. The 

presence of iron-stained sediment and suspended material sat S1 and S3 may influence the iron concentrations 

observed in these samples.  

 

There were no VOCs detected in the surface water sample collected in 2013.  

 

The 2013 monitoring results for M4 (downstream culvert) have decreased from 2012, as the shallow groundwater –

surface water regime equilibrates following the site re-grading activities. The concentrations of water quality 

parameters at M5 (upstream ponded area) are generally lower than, or similar to, M4.  The only exceedance in the 

surface water limits in 2013 was for boron at M4.  

 

2.2.2 Baseline Water Quality Monitoring 

Baseline surface water quality samples from Huntley Creek, South Huntley Creek and its tributaries were collected 

by AECOM three times in 2006 and three times in 2011 to provide a baseline for future landfill activities.  

 

In 2006, samples were taken at locations G, C, A and J. Location G was not flowing (hence not sampled) during the 

July sampling event and Site C was not sampled during the April sampling event (Figure 4). Only location G and C 

were sampled during the October sampling event. The spring sample was taken on April 11, 2006 after more than 

three days without rain. The second sample was taken on July 26, 2006 immediately after a 32 mm rain event. The 

third sample was taken on October 24, 2006 during a rain event and after several weeks of wet weather. Results of 

the water quality sampling are presented in Table 1 for MOE assessment criteria parameters and in detail in 

Appendix A.  

 

In 2011, samples were again taken at locations G, C, A and J as well as at a new location, K, on the main branch 

upstream of the confluence with South Huntley Creek. Location K is likely the only surface water monitoring site that 

reflects runoff from a relatively undisturbed “natural” upstream drainage area. The samples collected in September 

reflect baseflow conditions while the October samples were the result of runoff from an extended period of rainfall. 

Again, results for MOE assessment criteria parameters are summarised in Table 1.  

 

The results were compared to the PWQO (MOE 1994). PWQOs are a set of guidelines used for the management of 

the province’s water resources. During the sampling periods, and for all sites, MOE assessment criteria parameters 

were below their PWQO except for one occurrence of Boron and two for Iron.  
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Table 1. Surface Water – Water Quality Results, 2006 and 2011 

Sample 
ID: 

Type: Field Lab 

PARAMETER Temp. pH Conductivity Dissolved Oxygen Arsenic Barium Boron Cadmium Chloride Chromium Copper Iron Lead 
N-NH3  

(Ammonia) 

N-NH3  

(unionized) 

N-NO2  

(Nitrite) 

N-NO3  

(Nitrate) 
pH Phenols Total Dissolved Solids Total Suspended Solids Zinc 

UNITS: °C - mS/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
 

mg/L mg/L mg/L mg/L 

PWQO: -- 6.5-8.5 -- -- 0.1 -- 0.2 0.0002 0 0 0.005 0.3 0.005 -- 0.02 -- -- 6.5-8.5 0.001 -- 0.00 0.03 

Detection 

Limit: 
0.5 0.01 -- 0.01 0.001 0.01 0.01 0.0001 1 0.001 0.001 0.03 0.001 0.02 0.02 0.1 0.1 

 
0.001 1 2 0.01 

Sample Date  

Site A 2011-10-20 11.5 6.95 482 6.5 <0.001 0.05 -- <0.0001 62 <0.001 0 -- -- 0.04 <0.02 <0.10 0.16 -- -- 241 22 0 

Site A 2006-11-04 11.7 8.08 670 12.27 ND 0.061 0.012 ND 112 ND 0.001 0.06 ND ND - ND 0.50 8.30 -- 503 1.00 ND 

Site A 2006-07-06 21.3 - 965 8.9 ND 0.11 0.038 ND 138 ND 0.001 0.10 ND 0.05 0.00 ND ND 8.30 -- 707 ND 0.01 

Site C 2011-10-20 12.1 7.41 762 3.9 <0.05 0.11 -- <0.01 86 <0.05 0 -- -- 0.42 <0.02 <0.10 7.73 -- -- 381 54 <0.05 

Site C 2006-10-24 -- -- -- -- ND 0.075 0.04 ND 163 ND 0.002 0.17 ND 0.20 0.02 ND 1.60 8.10 -- -- 10.00 ND 

Site G 2006-11-04 18.3 7.72 976 10.25 ND 0.059 0.022 ND 127 ND 0.001 ND ND ND -- ND 0.70 8.30 -- 551 ND ND 

Site G 2006-10-24 -- -- -- -- 0.002 0.1 0.63 0.0002 193 ND 0.017 0.91 0.0035 9.73 1.00 0.29 2.50 8.00 -- -- 2.00 0.02 

Site C 2006-07-06 25.8 -- 960 10.7 ND 0.084 0.03 ND 170 ND 0.002 0.27 ND 0.11 0.01 0.04 0.20 8.30 -- 664 1.00 0.009 

Site J 2011-10-20 12.7 7.73 693 6.1 <0.001 0.06 -- <0.0001 89 0.001 0.002 -- -- 0 <0.02 <0.10 0.67 -- -- 346 20 <0.01 

Site J 2011-09-30 16 7.89 1193 8.2 <0.001 0.12 0.12 <0.0001 166 0.004 0.001 <0.03 <0.001 <0.02 <0.02 <0.10 0.31 8.04 <0.001 596 <2 <0.01 

Site J 2011-09-27 19.2 7.98 1200 8.9 <0.001 0.13 0.15 <0.0001 174 0.003 <0.001 <0.03 <0.001 0.02 <0.02 <0.10 0.66 8.19 <0.001 597 <2 <0.01 

Site J 2006-11-04 11.5 8.13 739 13.21 0.001 0.077 0.084 ND 116 ND 0.005 0.27 0.0013 0.41 0.01 0.05 0.50 8.30 -- 672 ND 0.006 

Site J 2006-07-06 18.7 - 1019 6.9 ND 0.13 0.11 ND 133 ND 0.002 0.53 ND 0.17 0.01 0.04 1.10 8.10 -- 754 ND ND 

Site K 2011-10-20 11.1 6.96 432 7.6 <0.05 0.09 -- <0.01 76 <0.05 <0.01 -- -- <0.02 <0.02 <0.10 0.34 -- -- 217 121 <0.05 

Site K 2011-09-30 18.2 7.89 1061 7.4 <0.001 0.12 0.02 <0.0001 200 0.004 <0.001 0.16 <0.001 0.07 <0.02 <0.10 0.12 8.03 <0.001 530 20 <0.01 

Site K 

(2006 Site) 
2011-09-27 19.8 7.98 1164 8.4 <0.001 0.14 0.11 <0.0001 181 0.003 <0.001 0.06 <0.001 0.03 <0.02 <0.10 0.24 8.19 <0.001 587 <2 <0.01 

Note: Detection limit for 2006 = 0.005 

--  Not Sampled 

2011 =Field Reading 

Exceeds PWQO 
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Of note, from the detailed results in 2006 as reported in Appendix A and that were not MOE assessment criteria 

parameters: 

 
 E. coli exceeded the guideline in all samples and nutrient levels are high, both of which and can be 

attributed to upstream agricultural activity. The presence of cattle from local dairy farming operations 

and local wildlife sources, including waterfowl and beaver/muskrat, could be major sources of any E.coli 

found within surface water in the vicinity of the existing landfill. As well, local residential septic systems 

could be a contributing factor if they were not performing to specification.  

 Site J showed PWQO exceedances. During the April sampling event, Total Phosphorus and Aluminum 

were above their respective PWQO. In addition, Ammonia, Magnesium, and Zinc were higher than their 

upstream counterparts. During the July sampling event, Total Phosphorus and Aluminum were again 

above their respective PWQO. In addition, Ammonia, Magnesium and E. coli were higher than their 

upstream counterparts. The samples do not reflect signature characteristics of leachate contamination 

and, therefore, the elevated metal levels are assumed to be a function of the activities of industrial land 

uses in the area, including truck traffic.  

 

2.2.3 Water Quality Summary 

Water quality in South Huntley Creek varied significantly between sites and sampling dates, generally reflecting local 

upstream land uses. Overall, water quality varied from poor to moderate influenced by nutrient enrichment and the 

presence of E. coli. 

 

2.2.4 Source Protection Planning 

A review of information obtained from the Proposed Assessment Report – Mississippi Valley Source Protection Area 

(RVCA-MVC 2010) confirms that the subject Study Area is located well south of the Village of Carp Wellhead 

Protection Zone (WHPZ). Further, a review of the Ottawa (Britannia) Intake Protection Zone (IPZ) Vulnerability 

Scoring map indicates that the Study Area is situated within the lowest scoring zone (3.6) and would therefore not be 

subject to any special source protection policies.  

 

2.3 Stormwater Management Facilities 

The existing surface water drainage system directs stormwater runoff to two SWM facilities (recharge ponds) with 

stormwater eventually being discharged to the overburden water table. The SWM facility volume is sized to handle 

the 5-year design event rainfall. The SWM facility areas were found to have silty-sand soils that are excellent for 

recharge ponds. The two recharge pond surface areas were determined by undertaking hydraulic calculations using 

the Hantush Analytical Model to ensure groundwater mounding was at or below the pond bottom elevations.  

 

The two constructed SWM facilities have emergency overflow spillways to prevent overtopping if the ponds are full 

or the design flow/volume is exceeded and will flow to lower Site areas and pond or recharge at these lower 

elevations. Depressions #3/#4 and Depression #1 fulfil these functions for SWMF #1 and SWMF #2, respectively 

and have capacity to accommodate between 15 to 20 times the runoff from the 1:100 year rainfall event before 

capacity is exceeded. A third recharge pond was never constructed and existing Depression Area #2 currently fulfils 

the recharge function with a capacity that is over 20 times the runoff from the 1:100 year event.  
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This also implies a significant capacity to store the 1:100 Year Spring melt runoff whose volume would likely be in 

the order of 7 times the 1:100 year rainfall runoff implying the depression areas have storage capacity at 2 to 3 times 

the volume of a 1:100 Year Spring melt event. 

 

Should these capacities ever be exceeded, which is unlikely, flow would be east overland to the Carp Road and/or 

north to South Huntley Creek. 

 

 

3. Surface Water Assessment 

There are no permanent or intermittent streams within the preferred landfill footprint. The nearest fish habitat to the 

new landfill footprint location is seasonal habitat associated with an intermittent agricultural channel (Tributary C) 

located approximately 250 m away from the preferred landfill footprint on the west side of William Mooney Rd. This 

channel flows through an agricultural landscape before entering South Huntley Creek on the North Side of 

Richardson Side Road. South Huntley Creek fish habitat within the Site vicinity is seasonal in nature and poor in 

quality. 

 

There is a limited amount of direct off-Site discharge to surface water. Exceptions to this are the external slopes of 

the vegetated perimeter berms along the east and south boundaries of the existing landfill property, however, this 

amount of surface runoff is minor and not in contact with operations at the Site. Runoff flows into the Carp Road and 

Highway 417 drainage systems. Also, a small area of drainage from the extreme western end of the Site, north of 

the service entrance flows into the ditch along William Mooney Road, then northward into a tributary of Huntley 

Creek.  

 

The nearest area that is potentially part of the Provincially Significant Goulbourn Wetland lies at least 400 m from the 

nearest point of the proposed landfill footprint. It is well beyond the required buffer area. It is also a sufficient 

distance that no impacts to the functions and features of the wetland are anticipated. No mitigation or special 

precautions are required.  

 

The assessment of impacts associated with the proposed Landfill Footprint was undertaken as part of the EA.  

 

The preferred leachate collection and management system for the landfill consists of disposal of leachate through 

discharge to the City of Ottawa sanitary sewer system, in tandem with disposal through irrigation of trees, and will 

not have an impact on surface water.  

 

Surveys in 2005 and 2006 (Gartner Lee 2006) determined that an ephemeral pool and agricultural drainage ditch 

lying on the west side of the WM facility currently provide seasonal and wet-weather surface water flow into an 

unnamed tributary of Huntley Creek, hereafter referred to as South Huntley Creek.  The entire Huntley Creek sub-

watershed is 4900 ha including the area drained by South Huntley Creek.  South Huntley Creek has not been 

assigned a thermal designation (i.e., warm/cold water) from the Ontario Ministry of Natural Resources but the Carp 

River Watershed/Subwatershed Study (Robinson, 2004) designates the South Huntley Creek as containing a 

degraded warm water fish community.  South Huntley Creek eventually flows into Huntley Creek, which has been 

designated by the Carp River Watershed/Subwatershed study as a cold water stream (Robinson, 2004).   

 

A desktop analysis was completed for the project limits using aerial photography and topographic maps.  A field 

assessment of identified surface aquatic features within the study area was conducted on May 26, July 26, 

September 28 and October 24, 2006. 
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To confirm and supplement this earlier work, AECOM completed an on-Site review of watercourses to confirm their 

existence and overall condition.  This work was undertaken between May 3
rd

 and 4
th
, 2011.  During this time, an 

aquatic biologist visited each watercourse within the proposed landfill study area and examined characteristics such 

as: 

 

 Presence or absence; 

 Overall channel condition; 

 Riparian (shoreline) features; 

 Water depth, flow and visual quality (i.e., clear, muddy); 

 Adjacent impacts or factors affecting the watercourse, such as agriculture, forestry development, etc.; 

and, 

 Potential for fish or fish habitat. 

 

 

4. Surface Water Assessment Results 

4.1 Assessment Approach 

During Site operation, surface water impact potential is as follows: 

 

From a water quality perspective, this will mean potential water quality impacts due to accidental leachate seeps to 

the surface and/or increases in Total Suspended Solids (TSS) concentration due to runoff from the internal gravelled 

access roadways.  

 

From a water quantity perspective, there are two main impacts. The first is the effect on local drainage patterns since 

surface water runoff from the landfill would likely have to be diverted away from private lands to the north, and the 

swale that runs through it conveying surface water, north, to South Huntley Creek. This diversion would: 

 

 Reduce flows to the swale, which would then be maintained only by adjacent surface and groundwater 

flow. This impact would not be mitigated.  

 Reduce flows (by less than 5%) to South Huntley Creek tributary along Richardson Side Road. This 

impact would not be mitigated. 

 Require the re-location of existing Stormwater Management Facility (SWMF) #1 as a new two stage 

SWMF to the east.  

 

The second is changes in local topography provided by the relatively steep-sloped (from a hydrologic perspective) 

landfill configuration and a resulting reduction in travel time (as a result of increased flow velocities) that would 

create increased peak flows with potential to increase downstream water levels and flood damage. 

 

4.2 Aquatic Survey Results 

The dominant watercourse within the project limits is South Huntley Creek (Figure 5).  South Huntley Creek is a 

permanent warm water system that has been significantly impacted historically by surrounding agricultural land use; 

and linear developments such as roadways which have bisected its length into smaller reaches, separated generally 

by culverts.  The most unaltered and natural portion of South Huntley Creek occurs in the upper watershed 

southwest of William Mooney Road (Tributaries A and B).  A smaller series of intermittent reaches occur east of 

William Mooney Road and just south Richardson Sideroad.   
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Small drainages to the creek were historically located within the current landfill property limits, however these 

historical reaches have been realigned or buried within culverts and no longer occur as open creek channels 

(Tributary E).  No watercourses occur within the area of the proposed landfill footprint. AECOM identified three 

different tributaries of South Huntley Creek. 

 

Tributary A originates south of Highway 417 and flows northwesterly through the Goulbourn Wetland.  This tributary 

possesses a relatively natural channel form typically 1.0-1.5 m wide with 10 to 15 mm of flowing water on average 

over much of its length (Plates 1 and 2).  It is generally situated within woodlands although portions pass through 

areas of open and active agricultural use.  Specifically, cattle grazing and pasture lands.  Tributary A provides 

habitat suitable for supporting a bait and forage fish population, although AECOM did not observe fish during their 

field reconnaissance.  Bottom substrates were largely clay and sand/gravel within the reach. The channel also 

contained instream structure such as gravel areas, boulders and woody debris; features important to fish for feeding, 

rearing and cover.  Flows at the time of assessment were abnormally elevated, however its hydraulic connection to 

wetlands likely provides sufficient baseflow to sustain water year round and even in low water years, there are 

adequate refuge pools to sustain small fish groupings. 

   

  

Plate 1. Natural channel within Tributary A showing 

pool/glide habitats within wooded area 

Plate 2. Tributary A passing from wooded area into 

pasture lands.  

 

Tributary B originates in the Goulbourn Wetland and flows southeasterly.  This tributary has been highly altered by 

historical and current agricultural activities, including recent evidence of cattle access and crossing.  There was no 

discernable channel for about half of its length due to flooding and significant channel degradation.  Flows were not 

measureable due to the absence of a defined channel and flooded condition. Tributary B lacks habitat suitable for 

supporting a permanent fish community.  It is also considered that ongoing disturbance will further impair creek 

function and deter fish from re-colonizing the reach, even though its hydraulic connection to wetlands may provide 

some flow on a year round basis.   

 

Tributary C of South Huntley Creek is an agricultural drain that runs parallel to William Mooney Road.  It flows 

northwest and is intercepted by the first and second tributaries discussed approximately 400 m south of Richardson 

Sideroad.  This tributary has been highly altered by historical agricultural land use and is subject to current impacts 

resulting from adjacent crop farming.  It is a linear channel dominated by shoreline grasses and some sedges 

(Plates 3 and 4).  Trees occur randomly along the channel but provide very little shading to the watercourse. There 

are no pool or riffle habitats present in this tributary.  South of the inflow of Tributaries A and B, Tributary C had no 
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discernable flow during AECOM’s investigations, despite an abnormally wet period preceding the Site visit. The 

channel north of that point contained flow, largely originating from tributaries A and B.   

 

  

Plate 3. Tributary C displaying agricultural channel, 

south of property laneway upstream from 

the confluence with Tributary A and B. 

Plate 4. Tributary C displaying agricultural channel, 

northwest of property laneway, downstream 

of the confluence with Tributary A and B. 

 

Based on these preliminary investigations, it appears that the tributary functions solely as an agricultural drain and 

does not provide fish habitat.  Ongoing agriculture, including crop planting up to top of bank will further impair the 

tributary and its water quality.   

 

Roadside surveys of Tributary D confirmed the existing condition to be typical of an ephemeral or intermittent 

watercourse, as the channel contained little or no discernable flow.  Bifurcation of the creek and distribution through 

culverts beneath Richardson Sideroad have likely caused the creek to acquire its current condition.  It is unlikely 

Tributary D can support a resident fish population, and its likely function is the provision of indirect fish habitat for 

warm water baitfish species in downstream reaches. 

 

4.2.1 South Huntley Creek Fisheries Resources 

To confirm the watercourse conditions and presence of fisheries resources, temperature, stream flow and 

electrofishing work was undertaken in 2006 (Gartner Lee 2006).   

 

4.2.1.1 Temperature 

Three continuous Onset Tidbit temperature loggers were installed in South Huntley Creek.  Two loggers were 

installed along William Mooney Road and the third logger was installed at Richardson Sideroad (Site 4).  Loggers 

were installed on April 13, 2006 and removed on September 28, 2006.   

 

Site 1, located adjacent to the existing landfill on William Mooney Road, was dry for the majority of the summer.  

During the May sampling event, there was a shallow pool of water on the northeast side of William Mooney Road.  

Mapping of surficial geology indicates the presence of a clay lens in this area.  The pool is fed by surface water from 

a wooded swale running east under the fence of the existing landfill facility.  It contained water during the spring and 

fall, and for brief periods following several very large summer storm events.  The stream temperature graph reflects 

the same water and air temperatures for the end of July through September, 2006 indicating that it was dry.  When 
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water was present, the average summer (July and August) water temperature was 20.1 ºC.  This system is 

ephemeral and is considered warm water when flowing. 

 

Water temperatures at Site 2 also reflected the air temperature indicating that it is a warm water system with little to 

no groundwater influence.  The average summer (July and August, 2006) water temperature was 19.7 ºC, similar to 

the average summer air temperature of 20.9C.  The slightly cooler water temperatures are most likely the result of 

inputs from wetlands southwest of the monitoring station. 

 

Site 4 is located approximately 3.5 km downstream from Site 1, on the north side of Richardson Sideroad.  Summer 

water temperatures at this Site were, on average, 3C cooler than air temperatures.  The average summer (July and 

August, 2006) water temperature was 17.9C.  The water temperatures at this Site indicate that the thermal regime 

for this portion of the stream is cool water.  Cool water systems are defined as having average daily maximum water 

temperatures of approximately 18C. 

 

4.2.2 Stream Flow 

Stream flow was measured using a Marsh McBernie flow meter on several occasions.  Flow was recorded only at 

Sites 1, 5 and 6 during the July Site visit due to technical difficulties.  The flow measurements were used in 

conjunction with stream depths to produce discharge information.  Discharge information along with staff gauge 

readings are presented in Table 2. 

 

Table 2. Discharge and Staff Gauge Readings 

Date 
Precipitation

1 

(mm) 

Staff Gauge Reading (m) Discharge (L/s) 

CARP1 

S. Huntley 

CARP2 

S. Huntley 

CARP4 

S. Huntley 

CARP5 

S. Huntley 

CARP1 

S. Huntley 

CARP2 

S. Huntley 

CARP3 

S. Huntley 

CARP4 

S. Huntley 

CARP5 

S. Huntley 

CARP6 

S. Huntley 

11-Apr-06 0.0 0.12 0.29 0.44 0.36 0 56 114 109 159 870 

18-May-06 28.2 0.28 0.39 - - - - - - - - 

26-Jul-06 32.0 0.00 0.08 0.44 0.01 dry - - - 3.2 164.0 

19-Sep-06 4.6 0.00 - - - dry - - - - - 

28-Sep-06 4.0 0.00 0.10 0.42 0.05 dry 0.7 1.4 12.0 13.7 - 

24-Oct-06 13.0 0.15 0.31 - - - - - - - - 

Note:  1. Precipitation for 48 hours prior to sampling. 

 

4.2.2.1 Site 1 – South Huntley Creek 

This Site is located on Tributary C adjacent to the landfill.  On the northeast side of William Mooney Road, there is a 

pool of water, which steadily decreased during the summer.  The water temperature in the pool was 21.2º C on April 

12, 2006, significantly higher than the other sites on the same date.  The May, July and October Site visits were 

conducted after rain events, during which a small amount of water was flowing in the ditch.  During the August Site 

visit, the ditch was dry indicating that the ditch is ephemeral.  Approximately 150 m downstream, water flows in from 

another tributary from the southwest substantially increasing stream flow. 

 

4.2.2.2 Site 2 – South Huntley Creek 

Site 2 is located on William Mooney Road, near Richardson Sideroad and this is located approximately 40 m from 

the edge of the re-zoning application.  This section of the stream is permanent and ranged from 0.75 to 1.25 m wide 

and 0.04 to 0.3 m deep during the Site visits.  On the north side of the road, the stream flows through agricultural 

and livestock (cow) fields before flowing under William Mooney Road through a concrete box culvert.  For 

approximately 100 m downstream of the road, the stream is unaltered before becoming straightened along the edge 
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of a farm field.  Water then flows in a ditch along Richardson Side Road for approximately 250 m.  Water draining 

from various fields collects in this ditch, increasing stream flow.   

 

4.2.2.3 Site 3 – South Huntley Creek 

This Site is located at Carp Road.  This section of the stream is permanent and ranged from 0.12 to 0.27 m deep 

and 1.2 to 1.9 m wide during the Site visits.  On the west side of Carp Road, the stream is channelized for 

approximately 50 m by concrete (~1 m high) walls.  Large patches of vegetation grow in channel causing braiding.  

East of Carp Road, the stream bottom is hardened with sediment (gravel, sand) on top.  The hardened bottom is an 

impervious surface that limits the burrowing depth of fish and benthic invertebrate habitat.  Two small watercress 

plants were found near the culvert indicating the potential for groundwater seepage in the area.  Riparian vegetation 

consists only of mown grass on either side of Carp Road.  After passing Carp Road, South Huntley Creek enters the 

M-Con Products Inc. quarry property. 

 

Site 4 – South Huntley Creek 

Site 4 is located on Richardson Sideroad, near Oak Creek Road, downstream of M-Con Products Inc.  Riparian 

vegetation and canopy cover at this Site is fair (~40%).  The average stream width was 3 m and the depth ranged 

from 0.2 to 0.5 m.  Bottom sediment was mainly sand with some gravel and rock.  Orange staining, possibly 

indicating groundwater, was noted on the left bank (when facing upstream) on the downstream (north) side of the 

culvert. 

 

4.3 Significant Wetlands  

No provincially significant wetlands occur on the Site but one is situated nearby.  Portions of the Provincially 

Significant Goulbourn Wetland have been mapped by OMNR in the core natural area approximately 400 m 

southwest of the landfill property at its closest point and more than 600 m from the closest point of the new landfill 

footprint.   

 

There are several non-regulated wetland features within the study area which include a deciduous swamp unit on 

the north boundary that extends onto the adjacent property, a pond and marsh of non-natural origin located in the 

old aggregate pit.  There are also several units of marsh, thicket swamp and pond also of man-made origin on the 

north side of the existing landfill, and are apparently fed by surface runoff.  These wetlands all form functional 

amphibian breeding areas.  

 

4.4 Impacts on Terrestrial Environment 

As noted in AECOM (2011) there are no permanent or intermittent streams in the area of the proposed landfill.  As 

such, there are no predicted changes in water quality, aquatic habitat or aquatic biota. The nearest fish habitat is 

seasonal habitat associated within an agricultural channel (Tributary C) located approximately 250 m away from the 

proposed landfill location on the west side of William Mooney Drive.  

 

The nearest area that is potentially part of the Provincially Significant Goulbourn Wetland lies at least 600 m from the 

nearest point of the proposed landfill footprint. It is also a sufficient distance that no impacts to the functions and 

features of the wetland are anticipated. No mitigation or special precautions are required.  

 

There is some non-significant wetland proposed to be removed with the landfill expansion. In total 4.0 ha of wetland 

are proposed for removal. These wetlands were created as a result of past human activities (former gravel pit and 

storm water collection ponds) and therefore are not provincially significant.  
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5. Post-Development Site Stormwater Conditions 

Post-development conditions are characterized by higher runoff coefficients and shorter travel times (time of 

concentration) due to steep landfill grades and flow channelization. These factors tend to increase peak flows but 

because the Site design is based on no off-Site discharge, peak flow attenuation is not an issue for the landfill 

development area. Refer to Figure 3 for the outline of the post-development drainage areas.  Runoff from the 

proposed landfilling area will be contained on-Site in Infiltration Basin #2.  Please refer to Development & Operations 

Report: West Carleton Environmental Centre (WSP 2014) for more detailed information.  

  

The existing Stormwater Pond #1 and small wetland (Depression #3) located within the landfill expansion area  will  

be  eliminated  and  replaced  with  new  clay  lined  Stormwater  Pond  #1  and Infiltration  Basin  #1 within 

Depression #4. Similarly, Stormwater Pond #2 and Infiltration Basin #2 are proposed in the area designated as 

Depression #5. Infiltration  Basin  #2  will  service  the  entire  landfill  expansion  area  while Infiltration  Basin  #1  

almost  the  entire  north  half  of  the  existing  landfill. The landfill expansion will shift drainage boundaries within 

Drainage Areas A and B, and in catchments located along the Site perimeter (SH1, SH2 and F). Drainage patterns 

within the remaining part of the property will be hardly affected and generally will remain the same as under pre-

development conditions.  There will be a significant increase in the size of on-Site no outlet areas to 151.76 ha from 

127.48 ha under pre-development conditions. As a result, more stormwater will be contained on-Site and recharged 

into groundwater and less discharged off-Site as surface flow from lands located along the Site perimeter.  

  

Drainage Areas A and B were subdivided in small subcatchments for the purpose of hydrologic modelling which  

was used for sizing  of the proposed stormwater storage facilities.  Cumulative runoff coefficients and  times  of  

concentration  were  established  in  a  similar  fashion  as  those  for  the  pre-development conditions. Runoff  

coefficient for the entire study  area  will  increase  to  0.35  from  0.29  before  the development. 

 

5.1.1 Drainage Areas with No Off-Site Drainage 

5.1.1.1 Drainage Area A 

This drainage area was subdivided into nine (9) smaller sub-areas to facilitate hydrologic modelling.  The overall size 

of the catchment will expand to 51.66 ha.  The cumulative runoff coefficient was calculated as 0.432 in comparison 

to 0.29 prior to landfill expansion.  The Rational Method 1:100 year peak flow at Pond #2 was calculated as 5.31 

m
3
/s.  Stormwater Pond #2 will control stormwater flows by providing temporary storage and treatment before 

releasing water into Infiltration Basin #2.  All runoff originating from the landfill expansion area will be handled within 

this catchment.  The proposed landfill will be graded such that all runoff from the mound will drain toward the landfill 

perimeter and be intercepted by the perimeter ditching.  The ditching system will direct stormwater into Stormwater 

Pond #2.  A large part of the on-Site road network, including the main access road and scale house area, will be also 

routed through Stormwater Pond #2.  Stormwater accumulating over the landfill base during base preparation as 

well as stormwater pools west of the lined area will be pumped to the perimeter ditching system, on an as required 

basis.   

 

5.1.1.2 Drainage Area B 

This watershed was also subdivided into multiple sub-areas to facilitate hydrologic modelling.  Drainage Area B will 

be smaller, 22.58 ha down from 39.47 ha originally as a result of the proposed development. The northwest part of 

the catchment will be shifted into Drainage Area A and comprise part of the landfill footprint.  The cumulative runoff 

coefficient increases to 0.398 from 0.32 prior to development. The overall CN number was estimated at 79.1 and the 

Rational Method 1:100 year flow at Pond #1 was calculated as 2.13 m
3
/s.   



 

Waste Management Surface Water Assessment Report for the 
West Carleton Environmental Centre Landfill 

 

-6ra_2014-07-25_Surface Water Report_60289364.Docx 15  

Stormwater  Pond  #1  and  Infiltration  Basin  #1  will  function  in  the  same  fashion  as  stormwater  storage 

facilities within Drainage Area A.  New ditching will be provided on the west and south side of the existing landfill to 

intercept runoff coming from side slopes and direct it towards new Stormwater Pond #1.  The south half of the main 

access road between two (2) mounds and the entire mini-transfer area (MTA) are included within this drainage 

basin. 

 

5.1.1.3 Remaining Drainage Areas 

The size of Drainage Areas C, D and E will not change as a result of the landfill expansion as there is no major 

development planned for the south half of the WM property.  Construction activities will be limited to the  leachate  

treatment  plant,  contingency  poplar  plantation,  road  improvement  (paving),  extension  of underground  utilities  

and  minor  building  improvements  (blower  building). These activities will have a negligible effect on the existing 

drainage patterns, and stormwater flows will remain the same as under pre-development conditions. 

 

5.1.2 Drainage Areas Discharging Off-Site 

5.1.2.1 Drainage Area F 

The catchment boundary will be slightly realigned as a result of the landfill expansion with a minor reduction in size 

to 5.24 ha from 5.8 ha.  The imperviousness level will increase with construction of the new access road off Carp 

Road and the Carp Road widening near the new entrance. This part of the Site will also be subject to landscaping 

activities such as tree and bush planting, etc.  The runoff coefficient for this area will increase by approximately 10% 

to 0.38.  The 1:100 year peak flow will remain at the pre-development level of 0.99 m
3
/s.  This area will continue to 

discharge into the quarry east of the Site. 

 

5.1.2.2 Drainage Area SH1 

The post-development size of this area will decrease to 18.44 ha down from 41.35 ha.  For this reason there  will  be  

no  increase  in  flows  leaving  the  Site.  A  decrease  in  size  of  this  basin  is  a  result  of  the proposed 

development; a portion of this area would become part of the landfill footprint.  Generally,  this  area  extends  near 

the  limit  of  the  development  area  and  as  such  will  not  see  major construction activities.  Clearing and 

earthwork will be limited to the south and east catchment boundary.  Landscaping and reforestation activities will 

take place within the westerly and northerly buffer area. 

 

5.1.2.3 Drainage Area SH2 

This  area  will  not  be  heavily  affected  by  the  proposed  development  and  its  boundary  will  be  slightly 

realigned  because  of  interference  with  Infiltration  Basin  #2  and  Stormwater  Pond  #2.  Other  project related  

activities  will  be  limited  to  the  Carp  Road  widening  and  minor  landscaping  work  along  the  Site boundary.  

Post-development size of this catchment will shrink to 5.06 ha down from 5.77 ha originally.  The runoff coefficient 

remains unchanged at 0.36 after development.  The 1:100 year flow was estimated as 0.66 m
3
/s at the catchment 

outlet and is lower than under pre-development conditions.  

 

5.1.2.4 Drainage Area FD 

There will be no change in hydrologic characteristics of this area as there is no new development proposed within 

this part of the Site. 
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5.2 Post-Development Stormwater System Infrastructure 

The following is a description of the infrastructure that will be developed to manage stormwater and surface water 

flows. This is detailed further in the Development & Operations Report: West Carleton Environmental Centre (WSP 

2014). 

 

5.2.1 Ditching 

Ditching will be trapezoidal in the section with bottom width ranging from zero (triangular section) to 2 m depending 

on estimated flow.  The highest flows will be in the landfill perimeter ditch draining into Stormwater Pond #2.  The 

design 1:25 year flow for  the  south  and  north  branches  of  the  landfill  perimeter  ditch  near  Pond  #2  inlet  was  

calculated  at approximately 1.8 m
3
/s.  Water depth under such flow in trapezoidal channel having a bottom width of 

2 m and a slope of 0.5% would be 0.5 m which is less than the minimum ditch depth of approximately 1.1 m.  

  

The landfill perimeter ditch will have an outer slope of 3H: 1V (minimum) and an inner (landfill side) slope of 4H: 1V 

(minimum) which is the same as the landfill side slopes. All other ditches will have side slopes not steeper than 3H: 

1V.  Generally, the proposed ditches are relatively flat at grades around 0.5%. Flow velocity  under  such conditions  

for  the  1:25  year  storm  event  will  be  low  at  less  than  1.0  m/s. Such velocities are suitable for grass lining 

which will assist in sediment filtering and erosion control.  

  

Locally, ditching will be steeper and all ditches sloping at more than 3 to 4% will be rip rap lined with appropriately 

sized stone over geotextile.  This includes ditching along the high access road having a grade of up to 8%. The rip 

rap lining will also be provided at all culvert ends, ditch inlets and at ditch alignment changes exceeding 45 degrees.  

Rip rap grouting may be used to further reduce erosion potential and washouts.  Rock check dams will be installed 

along the long, steep ditch sections to reduce flow velocity.   

  

Erosion control mats and sod may be used wherever establishment of vegetation cover is critical. 

 

5.2.2 Storm Sewers and Culverts 

Two (2) sections of storm sewers are part of the proposed drainage system.  The first is 300 mm diameter overflow  

line  for  Infiltration  Basin  #1  discharging  into  Infiltration  Basin  #2.  This line is provided in compliance with 

design guidelines which require overflow protection for infiltration basins.  The line will not transmit any stormwater 

under normal conditions.   

  

The second short section of storm sewer will service the mini-transfer drop-off area.  This sewer line will be  

equipped  with  an  isolation  valve  and  Stormceptor  unit  to  provide  continuous  treatment  of  total suspended 

solids as well as oil separation in case of an accidental spill upstream within the drop-off area.  The  above  noted  

system  components  will  prevent  pollution  from  reaching  Stormwater  Pond  #1  and ultimately Infiltration Basin 

#1.  

  

Corrugated steel pipe (circular and arch) will be used for culvert installation.  Corrugated steel pipe arch (CSPA) is 

proposed under roads where increased depth of cover is required to withstand loadings from vehicular traffic.  

Concrete  culverts  are  proposed  at  critical  locations  where  heavy  truck  traffic  is anticipated and where lighter 

pipe integrity could be in question.  

  

All culverts were sized for the 1:25 year flow with sufficient spare capacity to allow for the 1:100 year flow to pass 

without overtopping ditch embankments. 
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5.2.3 Stormwater Ponds 

Two (2) new stormwater ponds are proposed for surface water quality control in accordance with the MOE Landfill 

Design Standards. The ponds will attenuate peak flows but this function is not important since pre-treated 

stormwater discharges into the infiltration basin where it is recharged into the shallow groundwater system. The 

ponds outflow rates are controlled by recharge capacity of the shallow groundwater regime in the vicinity of the 

downstream infiltration facilities. 

 

The ponds internal side slopes will be 4H:1V (minimum) and external side slopes 3H:1V (minimum). Each pond will 

consist of the following storage zones:  

  

 Permanent water pool, which includes sediment storage – between pond bottom and invert of the outlet 

pipe; and, 

 Settlement zone – above invert of the outlet pipe.  

  

The outlet pipe will be a relatively small diameter culvert (HDPE pipe) equipped with an isolation valve. All ponds will 

be lined with a 600 mm clay liner. The pond base and side slopes up to 0.3 m above the normal water level will be 

covered with at least 150 mm of drainage gravel which will be placed over geotextile separator. The gravel layer will 

protect the underlying clay liner and serve as an indicator during sediment removal operations. In addition, drainage 

gravel will protect pond side slopes against wave action. The remaining portion of the internal side slopes will be top 

soiled and vegetated. Fill placed within containment berms will consist of well compacted fine grained soils. In order 

to increase the infiltration contact area with native soils, fill material underlying the clay liner below the pond base will 

be composed of well compacted permeable granular material (sand). All surficial, in-place loose fill will be removed 

down to native soil before any fill placement. A large quantity of such unsuitable material has been identified through 

the geotechnical investigation within Dibbley Pit (Depression #4).  

  

The proponent may change the lining of the stormwater ponds and use geomembrane supported geosynthetic clay 

liner (GCL) instead of a conventional clay liner. This option would be decided based on economics and subject to a 

geotechnical slope stability assessment.  

  

Each pond will be capable of settling particles larger than 40 microns even during major storm events. It was 

determined that both ponds will be capable of settling particles as small as 7 microns. A high sediment capture 

efficiency is caused by relatively low outflow rates.  

  

Both ponds have sufficient capacity to store/treat all runoff generated from the 25 mm storm event. This volume, as 

determined through hydrologic modelling, is 436 m
3
 and 1,296 m

3
 for Ponds #1 and #2 respectively and they are 

substantially lower than the corresponding permanent water pool volumes of 2,600 m
3
 and 4,200 m

3
. 

 

Both ponds were sized with a relatively high length to width ratio exceeding 4:1.  

  

A plunge pool (forebay) will be provided near each pond inlet to capture coarser suspended particles.  

 

The forebay will be 0.5 m deeper then pond bottom design elevation, providing additional sediment storage capacity. 

The forebay area will also be covered with drainage gravel and geotextile. Each pond inlet will be reinforced with rip 

rap. Removed sediment will be used as daily cover within the active disposal area.  

  

A rip rap baffle across the pond width downstream of the inlet(s) is proposed to improve flow distribution, minimize 

short circuiting and to separate forebay from the more quiescent settling zone. Each pond will be equipped with a rip 

rap lined overflow spillway sized for the 1:100 year flow rate discharging into the downstream infiltration basin. Pond 

draining time will not exceed 48 hours. 
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5.2.4 Infiltration Basins 

Infiltration facilities are designed to capture and retain runoff and allow it to infiltrate rather than discharge to surface 

water. This system has several benefits such as reducing surface runoff volume and pollutant discharge as well as 

augmenting low flow stream conditions and thus supporting wildlife habitat during low flow periods.  

  

Subsurface exploration consisting of several borings was carried out to determine in-situ soil and groundwater 

conditions within the designated groundwater recharge areas.  The permeability of soil from numerous samples 

collected within the footprint of infiltration facilities was estimated with the Hazen formula and ranged from 5x10
-2

 

cm/s to 1.6 x10
-5

 cm/s.  

  

The constant rate infiltration rate of 12 mm/hr.  was  selected  for  design in consultation  with  the project 

hydrogeologist  based  on  the  observed  local  subsurface  conditions.  This rate was used as an input in hydrologic 

modelling and was used for sizing of both basins.  

  

Groundwater recharge at infiltration facilities will result in the long term localized mounding of the shallow 

groundwater table. The maximum long term rise of the shallow groundwater was determined by the hydrogeologist 

using “Modflow” groundwater flow computer model as follows:  

 

 Infiltration Basin #1 – 120.81 mASL  

 Infiltration Basin #2 – 120.86 mASL 

 

Infiltration basin base elevations were selected to provide at least 1 m separation from the maximum predicted 

groundwater level.   

  

Suspended solids loading in stormwater draining into each basin will be largely reduced by sedimentation taking 

place in both of the new stormwater ponds.  This will control/reduce blinding and plugging of the basin base surface.  

  

The following dimensions were established for the base of each infiltration basin:  

  

 Infiltration Basin #1 – 116 x 158 m  

 Infiltration Basin #2 – 118 x 217 m  

  

Maximum water storage under the 1:100 year design storm was calculated as 5,669 m
3
 for Basin #1 and 15,530 m

3
 

for Basin #2. Each basin will have substantial additional capacity above the design water level which was calculated 

as follows:  

  

 Infiltration Basin #1 – 19,573 m
3
 

 Infiltration Basin #2 – 28,062 m
3
 

  

This additional storage will provide a safety cushion in case of an extreme storm, heavier than the 1:100 year design 

event.  

  

Imported, permeable fill will be required for construction of each basin. Permeable fill (sand having permeability 

ranging from 0.01 – 0.001 cm/s) will be placed loose over the scarified native soil following removal of all unsuitable 

loose fill material which was identified mainly within Infiltration Basin #1 area. Interior and exterior side slopes of 

infiltration basins will be 3H: 1V. Fill placed within containment berms will consist of fine grained soil with the 

uppermost 600 mm consisting of the clay liner. Permeable material placed below the containment berms will be 

compacted to 98% SPMDD. Impermeable containment berms are required to ensure integrity and stability of fills 



 

Waste Management Surface Water Assessment Report for the 
West Carleton Environmental Centre Landfill 

 

-6ra_2014-07-25_Surface Water Report_60289364.Docx 19  

when exposed to hydraulic gradients resulting from a sudden rise of water level. This requirement applies to the east 

and northeast berm in Infiltration Basin #2. The remaining banks of the basins constructed as fill or cut will not 

require the same treatment as exterior containment berms and engineered fill may be used at these locations. All 

interior and exterior side slopes of infiltration basins will be topsoiled and vegetated, with the base remaining bare so 

it could be raked and scarified when needed. Permeable sand on the bottom of an infiltration basin will intercept silt, 

sediment and debris that could otherwise clog the base of the basin. The upper 50 – 100 mm of this sand layer can 

be readily restored following removal operations. Sand replacement material shall be of the same quality as 

originally installed material (hydraulic conductivity 1x10
-4

 to 1x10
-5

 m/s).  

 

Rip rap lining for energy dissipation will be provided at all inlets into the basin for erosion control. All basins will also 

be equipped with an access ramp for maintenance access. Overflow spillways are provided in accordance with 

design guidelines to protect infiltration facilities against catastrophic failure from excessive rise in water level but due 

to the significant additional capacity within the basins are never anticipated to be used. 

 

5.2.5 Operational Controls 

Under normal conditions, isolation valves on the outlet piping from stormwater ponds will be open allowing water to 

drain by gravity into infiltration basins.  These valves will be closed if contamination is suspected including the valve 

controlling drainage from the mini-transfer drop-off area.  

  

Stormwater will flow into the ponds, deposit the coarse fraction of sediment in the forebay and settle smaller particles 

in the aft-bay section of the stormwater ponds before water is released into the infiltration basin.  

  

In day-to-day operation, staff will visually monitor all stormwater ponds. Should contamination be suspected, testing 

of the stormwater pond’s contents will be carried out by hand-held, on-Site instrumentation to measure conductivity, 

pH and visual aesthetic conditions.  Conditions present on-Site that might indicate the necessity to monitor the 

pond’s contents could include the following:  

  

 Visible leachate seep to surface water flowing to one of the surface water ponds;  

 Evidence of dark stained water;  

 Oil or any other substance in amounts sufficient to create a visible film, sheen or foam on the receiving 

waters; or,  

 Accumulation of floating or settleable solids. 

 

The isolation valve on the outlet piping would be closed and remain closed when the pond’s water quality is in 

question.  A sample taken for further analysis would be placed in a “rush” category for reporting by an independent 

laboratory. If the stormwater does not satisfy the trigger concentrations then the stormwater contingency plan will be 

initiated.  

  

The isolation valve controlling the MTA shall be closed immediately after spill detection and remain closed until 

satisfactory clean-up is completed and the area suitable for normal operations.  

  

Depending on the type and severity of contamination, it may be desirable to remove accumulated sediment from the 

forebay and/or aft bay of the stormwater pond.   

  

These procedures will allow control of surface water discharging into infiltration basins.  Under normal conditions, 

surface water draining into infiltration facilities shall be deemed suitable for groundwater recharge. 
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5.2.6 Mitigation Measures 

During Site operations, surface water impact mitigation is proposed as follows: 

 

Water quality impacts would be mitigated by the two-stage surface water management facility (SWMF) to remove 

larger particle size TSS loading and provide for emergency leachate/spill containment in the Stage 1 sediment 

forebay with Stage 2 providing extended control for additional TSS removal.  SWMF outflow would be as 

groundwater discharge (infiltration), with the SWMF incorporating existing local excavation as previously practised at 

the existing Site.  

 

The water quantity impacts would be mitigated by Stage 1 and Stage 2 of the SWMF providing attenuation of post-

development flows to pre-development levels.  SWMF outflow would be as groundwater discharge (infiltration), with 

the SWMF incorporating existing local excavation that would contain the 1:100 year runoff.   

 

In more detail, stormwater management (SWM) for the expanded Site will be achieved through integration of the 

existing and proposed system of ditches, culverts, storm sewers and SWM ponds that have been designed to 

mitigate the impacts of stormwater runoff on water quantity and water quality before discharge to South Huntley 

Creek. The SWM criteria, as identified by the MOE in Ontario Regulation 232/98 and related Landfill Standards 

Guidelines (1998), include: 

 

 Ditching designed to accommodate runoff from a 1:25 year rainfall event;  

 Detention of runoff from a 4-hour 25 mm rainfall event; and  

 Attenuation of peak flows to pre-development levels for all rainfall events up to and including the 1:100 

year Return Period event.  

 

The existing site and proposed landfill footprint area is founded on relatively permeable soils and there is currently 

no direct discharge to South Huntley Creek from the landfill proper or its servicing roads and operational areas. 

Rather, discharge is to three defined recharge areas, two of which have sedimentation forebays, the recharge areas 

eventually discharging through groundwater, to South Huntley Creek. The proposed SWM system for the expansion 

is planned in a similar manner and will account for the relocation of one of the existing recharge areas that will be 

removed to accommodate the new landfill footprint.   

   

The two (2) new SWM ponds will be designed as two-stage facilities with an emergency flow control valve in-

between the two stages.  

 

The first stage will function not only as a sedimentation cell but also as an emergency response cell where runoff can 

be stored in case of surface water contamination by leachate or on-Site spills. Discharge can be shut-off in case of an 

emergency in which leachate has been found to be contaminating the surface water runoff. There will be regular inflow 

monitoring of indicator parameters to trigger a shutdown response using either a control valve or gate. This pond will be 

lined and designed to retain runoff from the 1:100 year rainfall until appropriate treatment can be applied and the runoff 

either treated and discharged to the second stage or pumped and hauled for treatment elsewhere.  

 

The second stage will be an unlined infiltration pond for recharge purposes and is sized to accommodate the volume 

from the 1:100 year runoff from respective catchment areas. Other design features will include: 

 

 First stage invert higher than the invert of the second stage and likely higher than the design water level 

to ensure positive drainage.  

 Design water level for the volume of runoff from the 1:100 year rainfall event since the SWMF would 

likely have no natural positive outlet given the adjacent topography.  
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 Design water levels not higher than adjacent service roads. 

 Emergency overflow routes to be defined once the facility characteristics are more clearly understood. 

With no positive outflow, the recharge rate governs the rate of water level reduction and available 

capacity for the next rainfall event. 

 

With respect to the infiltration pond potentially freezing in the winter, thereby preventing infiltration, it is anticipated 

that these stormwater ponds will be empty at the beginning of the winter season. It may be possible that the 

saturated soil layer could freeze in the winter and infiltration would be limited until spring thaw. However, the 

combined design volume and additional 1 m of freeboard provided within the SWM ponds can contain the runoff 

generated from all design storm events.  

 

Fill or excavation will be carried out, as required, to control drainage and achieve positive grades to appropriate 

outlets, and culverts/storm sewers will be installed, where needed, to convey flows under travelled sections of the 

Site.  

 

Any accidents or malfunctions (i.e., spills to surface water) will be limited in their spatial and temporal extent, such 

that they will not result in the loss of any component of the aquatic system.  

 

The proposal has been reviewed for Natural Hazards, Natural Heritage and Water quality and quantity by the 

Mississippi Valley Conservation Authority (MVCA), which posed no objection to the proposal. The letter confirming 

the review of the proposal is provided in Appendix B. 

 

 

6. Environmental Effects Monitoring 

There will be regular monitoring of SWMP inflows for emergency response purposes. For additional monitoring 

details, please refer to the Environmental Monitoring Plan, West Carleton Environmental Centre Report (WESA, 

2014). 

 

From within the boundaries of the landfill property, there is a limited amount of direct off-Site discharge of surface 

water; the majority of surface water drainage is contained within the landfill property and is directed to on-Site ponds, 

which are engineered, or natural, or remain following extraction of aggregate. The exceptions to this are the external 

slopes of the vegetated perimeter berms along the east and south boundaries of the landfill property; however, this 

amount of surface runoff is very minor and is not in contact with operational activities at the landfill. Runoff from the 

vegetated berms flows into the Carp Road and Highway 417 drainage systems. There is also a small area of 

drainage from the extreme western end of the Site, north of the service entrance, which flows into the ditch along 

William Mooney Road, and then northward into a Tributary of Huntley Creek. On the northern portion of the WCEC 

property, an agricultural ditch directs surface water drainage northward to a wooded area. The drainage ditch will be 

covered by the new landfill and will not be used in the future.  

 

The monitoring locations and analytical parameters have been selected to identify the characteristics of the water 

down gradient from the landfill. Because of the orientations and flow directions of the Highway 417 drainage system 

and surrounding agricultural drains, there is no suitable location to monitor background surface water quality so that 

is can be compared to downgradient water quality. 
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6.1 Surface Water Elevation Monitoring 

Surface water elevations will be monitored semi-annually at three (3) locations from seven (7) different monitors. 

 

Table 3. Surface Water Elevation Monitoring Locations 

Location 
Surface Water Monitors 

(7 Locations) 

South of the closed landfill, on WM property  S17 (southeast stormwater recharge pond) 

 Pond (on the former Bradley Pit) 

Southeast of closed landfill, along Highway 417 ditch  S1 

 S2 

 S3 

East of new landfill  Infiltration Basin #1 

 Infiltration Basin #2 

 

6.2 Surface Water Quality Monitoring 

Surface water quality monitoring will be conducted to determine if the closed or new landfill, or operation of the 

stormwater management ponds, are impacting groundwater quality. Table 4 shows the proposed surface water 

quality monitoring program. 

 

Table 4. Surface Water Quality Monitoring Program 

Drainage Course 
Monitoring Location 

(10 Locations) 
Monitoring Frequency 

Highway 417 Ditch  S1 

 S3 

 S10 

 Twice per year (Spring and Fall) 

CAZ southeast of closed landfill  M4 

 M5 

 Twice per year (Spring and Fall) 

Western boundary of closed landfill  Culvert G  Twice per year (Spring and Fall) 

New stormwater management ponds  Infiltration Basin #1 

 Infiltration Basin #2 

 Quarterly (March, June, 

September, December) 

 Lined Pond #1 

 Lined Pond #2 

 Once every two months 

 

The parameters monitored at each location, as well as the surface water quality assessment limits, are further 

discussed in the Environmental Monitoring Plan, West Carleton Environmental Centre Report (WESA, 2014). 

 

The following commitments have been proposed for ensuring that the identified mitigation or compensation 

measures and monitoring requirements are carried out as part of the construction, operation, and maintenance of 

the undertaking: 

 

a) The two-stage SWM facilities will be built to address surface water runoff from the Site and 

emergency response to accidental leachate seeps or spills. 

b) Inflow to SWM ponds will be regularly monitored to identify emergency response situations 

including leachate seeps and on-Site spills. 

c) Emergency response will occur and leachate/pollutant-impacted runoff will be treated as required. 

d) Annual, periodic SWM pond inflow and off-Site surface water monitoring will occur for parameters 

as identified by the MOE in their surface water assessment criteria as it relates to landfill Sites.  
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7. Conclusions 

The closed landfill, and also the new landfill, was developed with no off-Site discharge or surface water. Post-

development conditions are characterized by higher runoff coefficients and shorter travel times (time of 

concentration) due to steep landfill grades and flow channelization. These factors tend to increase peak flows but 

because the Site design is based on no off-Site discharge, peak flow attenuation is not an issue for the landfill 

development area. Runoff from the proposed landfilling area will be contained on-Site in Infiltration Basin #2.   

  

The existing Stormwater Pond #1 and small wetland (Depression #3) located within the landfill expansion area  will  

be  eliminated  and  replaced  with  new  clay  lined  Stormwater  Pond  #1  and Infiltration  Basin  #1 within 

Depression #4. Similarly, Stormwater Pond #2 and Infiltration Basin #2 are proposed in the area designated as 

Depression #5. Infiltration  Basin  #2  will  service  the  entire  landfill  expansion  area  while Infiltration  Basin  #1  

almost  the  entire  north  half  of  the  existing  landfill. The landfill expansion will shift drainage boundaries within 

Drainage Areas A and B, and in catchments located along the Site perimeter (SH1, SH2 and F). Drainage patterns 

within the remaining part of the property will be hardly affected and generally will remain the same as under pre-

development conditions.  There will be a significant increase in the size of on-Site no outlet areas to 151.76 ha from 

127.48 ha under pre-development conditions. As a result, more stormwater will be contained on-Site and recharged 

into groundwater and less discharged off-Site as surface flow from lands located along the Site perimeter.  

 

As noted in AECOM (2011) there are no permanent or intermittent streams in the area of the proposed landfill.  As 

such, there are no predicted changes in water quality, aquatic habitat or aquatic biota. The nearest fish habitat is 

seasonal habitat associated within an agricultural channel (Tributary C) located approximately 250 m away from the 

proposed landfill location on the west side of William Mooney Drive. Water quality in South Huntley Creek, when 

tested in 2006 and 2011, varied significantly between sites and sampling dates, generally reflecting local upstream 

land uses. Overall, water quality varied from poor to moderate. 

 

The nearest area that is potentially part of the Provincially Significant Goulbourn Wetland lies at least 600 m from the 

nearest point of the proposed landfill footprint. It is also a sufficient distance that no impacts to the functions and 

features of the wetland are anticipated. No mitigation or special precautions are required.  

 

There is some non-significant wetland proposed to be removed with the landfill expansion. In total 4.0 ha of wetland 

are proposed for removal. These wetlands were created as a result of past human activities (former gravel pit and 

storm water collection ponds) and therefore are not provincially significant.  

 

A surface water monitoring program will be conducted to ensure that the quality of water surrounding the new landfill 

is not impacted by the closed or new landfill, or operation of the stormwater management ponds. 

 

The new landfill is not expected to pose a change to surface water off-Site, as all surface water will be managed on-

Site, with the exception of the external slopes of perimeter berms along the south and east boundaries of the landfill 

property. The proposal has been reviewed for Natural Hazards, Natural Heritage and Water quality and quantity by 

the Mississippi Valley Conservation Authority (MVCA), which posed no objection to the proposal.  
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Appendix A1:  SURFACE WATER QUALITY (PIL, SIL)
Waste Management Ottawa Landfill
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S1 1-Jun-00 417 14.4 0.037 0.62 0.36 < 0.00015 182 112 421 < 0.01 2300 < 0.02 74 < 0.002 33 0.95 0.87 < 0.1 26 264 173 14.4
S1 22-Nov-00 524 15.4 0.024 0.43 0.39 < 0.005 205 92 464 < 0.01 2530 0.03 15.2 < 0.001 41 1.22 < 0.1 < 0.1 28 243 150 16.6
S1 11-May-01 500 15.8 0.023 0.35 0.44 0.0002 177 41 464 0.002 2320 < 0.005 3.94 < 0.001 35 0.61 0.83 < 0.1 29 233 118 16.5
S1 FD 11-May-01 499 15.8 0.023 0.35 0.44 0.0002 179 44 462 0.002 2270 < 0.005 3.92 < 0.001 36 0.63 0.83 < 0.1 30 229 118 16
S1 13-Nov-01 531 16.7 0.015 0.36 0.51 < 0.0001 193 54 509 0.002 2690 0.008 10.4 < 0.001 48 0.95 < 0.1 < 0.1 35 268 206 18.8
S1 15-May-02 291 4.51 0.008 0.16 0.24 < 0.0001 145 22 399 < 0.001 2100 < 0.005 0.88 < 0.001 22 0.21 3.42 < 0.1 21 252 161 5.27
S1 12-Nov-02 328 9.3 0.006 0.28 0.3 < 0.0001 172 20 552 < 0.005 2760 < 0.005 11.1 < 0.001 31 0.73 0.7 < 0.1 42 333 235 12.3
S1 22-May-03 308 1.49 0.005 0.18 0.32 < 0.0001 183 21 794 < 0.005 2440 < 0.005 2.24 < 0.001 34 0.21 2.88 < 0.1 21 346 233 2.5
S1 15-Aug-03 5.6 0.005
S1 5-Nov-03 419 5.45 0.028 0.32 0.29 < 0.0001 189 33 583 0.001 2910 < 0.005 15.7 < 0.001 33 0.82 0.25 < 0.1 28 367 177 8.15
S1 22-Dec-03 6.01 0.012
S1 11-Feb-04 4.63 0.023
S1 30-Apr-04 373 5.1 0.018 0.35 0.29 < 0.0001 171 33 336 0.001 2090 < 0.005 15.8 < 0.001 33 0.95 0.18 < 0.1 18 230 205 6.56
S1 8-Sep-04 3.75 0.007
S1 5-Nov-04 261 2.58 0.017 0.32 0.39 < 0.0001 104 19 372 0.015 2090 < 0.005 10.7 0.005 33 1.3 1.29 < 0.1 17 233 201 3.87
S1 27-Apr-05 297 2.16 0.002 0.2 0.24 < 0.0001 134 19 345 < 0.001 1960 < 0.005 4.05 < 0.001 35 0.45 1.39 < 0.1 12 266 147 4.2
S1 24-Aug-05 1.91 0.028
S1 28-Nov-05 372 3.39 0.005 0.26 0.31 < 0.0001 186 29 547 0.004 2680 < 0.005 10.9 < 0.001 36 1.17 1.42 < 0.1 16 296 129 4.49
S1 FD 28-Nov-05 373 3.27 0.005 0.25 0.26 < 0.0001 188 30 550 0.005 2710 < 0.005 10.9 < 0.001 37 1.16 1.5 < 0.1 16 299 131 4.75
S1 26-Apr-06 379 2.56 0.004 0.24 0.33 < 0.0001 180 25 514 < 0.005 2610 < 0.005 2.54 < 0.001 34 0.45 1.26 < 0.1 13 282 174 3.95
S1 29-Aug-06 1.34 0.008
S1 7-Nov-06 321 2.02 0.008 0.19 0.43 < 0.0001 161 28 536 0.006 2580 < 0.005 3.98 < 0.001 34 0.64 1 < 0.1 15 386 202 2.62
S1 24-Apr-07 396 1.89 0.005 0.18 0.45 < 0.0001 158 23 389 0.008 2250 < 0.005 2.41 < 0.001 33 0.54 1 < 0.1 13 262 153 2.98
S1 16-Aug-07 1.39 0.009
S1 27-Nov-07 286 1.71 0.001 0.16 0.32 < 0.0001 140 16 363 < 0.001 2140 < 0.005 6.04 < 0.001 30 0.61 0.68 < 0.1 13 247 216 2.1
S1 23-May-08 338 1.35 0.006 0.2 0.43 < 0.0001 150 33 490 < 0.005 2520 < 0.002 7.7 520 1 < 0.0005 33 0.37 1.6 0.01 8 12 290 190 1510 2.6
S1 FD 23-May-08 339 1.34 0.006 0.2 0.42 < 0.0001 160 30 490 < 0.005 2530 < 0.002 7.9 520 2.8 < 0.0005 33 0.38 1.4 0.01 7.9 12 290 204 1520 3
S1 19-Nov-08 331 2.91 0.003 0.25 0.52 < 0.0001 230 25 500 < 0.005 2810 < 0.002 7.1 660 11 0.0007 46 0.98 0.4 0.01 8 17 340 381 1840 3
S1 29-Apr-09 311 1.19 0.005 0.23 0.49 < 0.0001 240 23 520 < 0.005 2670 0.002 8.1 510 5.2 0.0012 44 0.52 2.6 0.14 7.8 16 350 230 1760 2
S1 29-Oct-09 344 2.82 0.009 0.24 0.49 < 0.0001 190 22 580 < 0.005 2970 < 0.002 8.9 590 5.8 < 0.0005 39 1 0.3 < 0.01 7.6 15 370 250 2000 3.5
S1 FD 29-Oct-09 342 2.71 0.009 0.24 0.46 < 0.0001 180 25 580 < 0.005 2970 < 0.002 8.1 570 5.6 < 0.0005 39 0.96 0.3 < 0.01 7.7 15 370 240 1900 3.2
S1 28-Apr-10 332 1.16 0.004 0.24 0.4 < 0.0001 170 26 640 < 0.005 2900 < 0.002 8.5 520 1.4 < 0.0005 35 0.36 1.8 0.01 7.9 14 520 120 1830 2.1
S1 FD 28-Apr-10 333 1.2 0.004 0.24 0.41 < 0.0001 180 26 630 < 0.005 2880 < 0.002 8.2 510 1.5 < 0.0005 36 0.38 1.7 0.02 8 14 430 140 1810 2.4
S1 2-Nov-10 375 3.09 0.047* 0.3 0.46 < 0.0001 200 41 620 < 0.005 3070 < 0.002 8.6 580 8.6 < 0.0005 42 1.1 < 0.1 0.02 7.85 16 440 130 1950 4
S1 FD 2-Nov-10 382 2.75 0.042* 0.29 0.42 0.0002 190 36 710 < 0.005 3200 < 0.002 9.1 550 7.4 < 0.0005 42 1.1 0.1 < 0.01 7.91 16 470 100 1980 3.9
S1 3-May-11 232 1.15 0.005 0.17 0.28 < 0.0001 160 < 4 390 < 0.005 2010 < 0.002 5.3 390 1.6 0.0009 29 0.26 1.5 0.09 7.95 11 270 150 1220 1.9
S1 8-Nov-11 358 2.68 0.006 0.28 0.44 < 0.0001 170 41 520 < 0.005 2650 < 0.002 8.4 510 14 < 0.0005 34 0.93 < 0.1 < 0.01 7.54 14 330 150 1450 3.3
S1 7-May-12 360 1.14 0.005 0.26 0.36 < 0.0001 180 24 610 < 0.005 2900 < 0.002 9.2 580 2.1 < 0.0005 37 0.45 0.64 < 0.01 7.88 12 400 180 1720 1.8
S1 29-Oct-12 400 1.14 0.002 1 0.51 < 0.0001 810 38 430 0.015 3000 < 0.002 10 720 150 0.0095 59 1.8 < 0.1 < 0.01 7.83 18 370 390 1900 2.4
S1 24-May-13 110 1.23 0.014 0.31 0.48 0.0001 1200 89 190 0.031 1700 0.003 3.8 390 27 0.017 51 0.83 4.4 0.31 8.05 19 210 400 1140 4
S1 30-Oct-13 No Sample collected; highway construction
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Appendix A1:  SURFACE WATER QUALITY (PIL, SIL)
Waste Management Ottawa Landfill
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S3 1-Jun-00 263 0.42 0.013 0.11 0.05 < 0.00015 112 44 172 < 0.01 1090 < 0.02 0.64 < 0.002 13 0.11 2.39 0.14 3 116 412 1.16
S3 22-Nov-00 392 4.41 0.011 0.33 0.17 < 0.005 177 54 608 < 0.01 2550 < 0.005 1.8 < 0.001 31 1.07 0.62 < 0.1 15 335 79 4.89
S3 11-May-01 445 2.48 0.011 0.4 0.19 0.0002 211 38 720 0.001 2760 < 0.005 1.81 < 0.001 38 1.1 1.59 < 0.1 15 330 124 2.31
S3 13-Nov-01 247 5.75 0.017 0.15 0.33 < 0.0001 197 31 503 < 0.001 2420 < 0.005 0.4 < 0.001 42 0.25 4.5 < 0.1 26 253 298 5.89
S3 15-May-02 225 0.89 0.004 0.1 0.07 < 0.0001 107 34 397 < 0.001 1890 < 0.005 0.27 < 0.001 13 0.06 0.8 < 0.1 4 279 94 1.5
S3 12-Nov-02 404 1.84 0.001 0.29 0.13 < 0.0001 225 31 719 < 0.005 3260 < 0.005 2.58 < 0.001 31 0.7 0.56 < 0.1 27 409 176 2.64
S3 22-May-03 358 1.25 0.010 0.27 0.18 < 0.0001 237 27 830 < 0.005 2970 < 0.005 1.56 < 0.001 39 0.77 2.03 < 0.1 15 410 200 1.7
S3 15-Aug-03 1.07 0.002
S3 5-Nov-03 295 2.21 0.016 0.2 0.24 < 0.0001 169 28 498 0.002 2530 < 0.005 1.02 < 0.001 34 0.45 1.44 < 0.1 26 319 253 3.16
S3 22-Dec-03 4.2 0.019
S3 30-Apr-04 264 0.45 0.002 0.17 0.12 < 0.0001 135 19 437 0.004 2100 < 0.005 0.33 < 0.001 20 0.22 0.93 < 0.1 8 272 117 1.06
S3 8-Sep-04 0.25 0.002
S3 5-Nov-04 257 0.81 0.002 0.15 0.22 < 0.0001 131 28 533 0.002 2480 < 0.005 0.55 < 0.001 26 0.22 1.2 < 0.1 11 311 196 1.51
S3 27-Apr-05 221 0.36 0.002 0.11 0.15 < 0.0001 226 21 440 < 0.001 2080 < 0.005 0.23 < 0.001 25 0.08 1.04 < 0.1 6 253 137 0.94
S3 24-Aug-05 0.72 0.023
S3 28-Nov-05 339 1.83 0.002 0.18 0.23 < 0.001 189 26 698 < 0.005 3040 < 0.005 1.68 < 0.01 35 0.62 2.69 < 0.1 14 366 204 2.65
S3 26-Apr-06 258 0.68 0.002 0.16 0.51 < 0.0001 141 15 592 < 0.005 2690 < 0.005 0.24 < 0.001 29 0.16 2.45 < 0.1 10 333 186 1.01
S3 29-Aug-06 0.31 0.003
S3 7-Nov-06 388 0.44 0.002 0.23 0.23 < 0.0001 194 23 656 0.007 3040 < 0.005 1.84 < 0.001 32 0.7 1.43 < 0.1 12 473 175 1.15
S3 FD 7-Nov-06 387 0.46 0.002 0.25 0.24 < 0.0001 193 26 686 0.006 3010 < 0.005 2.02 < 0.001 32 0.7 1.34 < 0.1 12 510 165 0.99
S3 24-Apr-07 309 0.58 0.002 0.19 0.3 < 0.0001 155 24 550 0.009 2570 < 0.005 0.76 < 0.001 30 0.47 0.94 < 0.1 10 334 163 1.05
S3 16-Aug-07 0.73 0.006
S3 27-Nov-07 378 0.72 <0.001 0.27 0.12 < 0.0001 170 23 837 0.001 3660 0.007 1.24 < 0.001 27 0.62 0.56 < 0.1 8 527 124 1.21
S3 23-May-08 352 0.49 0.002 0.29 0.16 < 0.0001 160 31 690 < 0.005 3040 < 0.002 9.3 500 1.1 < 0.0005 25 0.59 0.6 0.02 8.1 6.9 400 131 1810 1.2
S3 19-Nov-08 386 1.38 0.001 0.73 0.38 < 0.0001 180 67 590 < 0.005 2910 < 0.002 17.3 510 80 0.0008 31 1.7 0.8 0.02 8 10 370 207 1820 < 7
S3 29-Apr-09 271 < 0.15 < 0.002 0.2 0.3 < 0.0001 160 29 660 < 0.005 2790 0.002 11.1 440 0.46 < 0.0005 24 0.16 0.3 0.01 8 4.9 420 100 1780 < 0.7
S3 29-Oct-09 404 0.64 0.003 0.34 0.21 < 0.0001 200 30 750 < 0.005 3460 < 0.002 10.8 590 1.1 < 0.0005 33 0.69 0.7 0.02 7.9 11 500 170 2200 1.3
S3 28-Apr-10 370 0.51 0.003 0.36 0.19 < 0.0001 210 27 820 < 0.005 3520 < 0.002 9.4 580 < 0.1 < 0.0005 33 0.67 0.6 0.03 8.1 9.2 590 140 2220 1.2
S3 2-Nov-10 396 0.65 0.008* 0.3 0.2 < 0.0001 200 40 710 < 0.005 3350 < 0.002 9.5 590 0.95 < 0.0005 34 0.58 0.5 0.01 8.03 10 520 150 2020 1.4
S3 3-May-11 235 < 0.15 <0.004 0.13 0.2 < 0.0001 130 24 420 < 0.005 2010 < 0.002 7.6 380 0.18 < 0.0005 18 0.063 0.3 < 0.01 8.18 4 290 99 1210 < 0.7
S3 FD 3-May-11 235 < 0.15 <0.004 0.13 0.16 < 0.0001 130 26 420 < 0.005 2020 < 0.002 7.9 370 0.18 < 0.0005 17 0.061 0.3 < 0.01 8.17 3.9 280 98 1220 < 0.7
S3 8-Nov-11 384 0.6 0.002 0.3 0.2 < 0.0001 190 42 680 < 0.005 3260 < 0.002 9.2 580 0.88 < 0.0005 34 0.54 0.6 0.01 7.76 11 480 170 1830 1.4
S3 FD 8-Nov-11 379 < 0.15 <0.002 0.32 0.21 < 0.0001 200 45 660 < 0.005 3260 < 0.002 8.9 580 0.94 < 0.0005 35 0.57 0.6 < 0.01 7.78 12 510 170 1920 1.2
S3 7-May-12 350 0.27 0.002 0.28 0.22 < 0.0001 190 25 740 < 0.005 3300 < 0.002 9.1 600 0.88 < 0.0005 33 0.42 0.69 0.013 7.99 10 460 180 1890 1.2
S3 29-Oct-12 290 0.16 0.001 0.22 0.31 < 0.0001 200 26 450 < 0.005 2900 < 0.002 8.7 640 0.32 < 0.0005 45 0.26 1.9 0.044 7.94 18 390 360 1750 0.9
S3 24-May-13 180 <0.15 0.002 0.13 0.067 <0.0001 110 56 260 <0.005 1400 <0.002 13.7 310 3 0.0064 16 0.15 0.13 <0.01 8.26 3.2 190 90 864 1.9
S3 30-Oct-13 No Sample collected; highway construction
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Appendix A1:  SURFACE WATER QUALITY (PIL, SIL)
Waste Management Ottawa Landfill
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S10 11-May-01 428 1.03 0.017 0.37 0.18 0.0002 201 41 670 0.001 2880 < 0.005 0.51 < 0.001 36 0.83 2.53 < 0.1 14 349 136 1.78
S10 13-Nov-01 268 5.05 0.023 0.16 0.3 < 0.0001 203 35 571 < 0.001 2580 < 0.005 0.08 < 0.001 45 0.2 4.2 < 0.1 24 279 279 5.28
S10 15-May-02 224 0.7 0.003 0.11 0.07 < 0.0001 108 34 391 < 0.001 1880 < 0.005 0.3 < 0.001 14 0.07 0.84 < 0.1 5 260 105 1.68
S10 12-Nov-02 402 1.34 0.002 0.26 0.12 < 0.0001 223 29 766 < 0.005 3390 < 0.005 0.36 < 0.001 30 0.54 0.64 < 0.1 26 456 166 2.3
S10 22-May-03 348 0.12 0.002 0.24 0.16 < 0.0001 233 32 722 < 0.005 3060 < 0.005 0.34 < 0.001 37 0.36 2.17 < 0.1 16 439 188 0.87
S10 15-Aug-03 0.07 <0.001
S10 5-Nov-03 268 1.02 0.015 0.21 0.21 < 0.0001 173 36 545 0.005 2640 < 0.005 1.06 < 0.001 31 0.49 1.38 < 0.1 22 369 247 1.74
S10 22-Dec-03 2.87 0.021
S10 30-Apr-04 269 0.21 0.002 0.16 0.12 < 0.0001 138 17 440 0.004 2170 < 0.005 0.2 < 0.001 21 0.16 1.06 < 0.1 8 292 115 0.82
S10 8-Sep-04 0.06 0.001
S10 5-Nov-04 263 0.61 0.002 0.15 0.21 < 0.0001 137 27 552 0.002 2520 < 0.005 0.32 < 0.001 29 0.2 1.28 < 0.1 12 327 198 1.24
S10 27-Apr-05 224 0.26 0.003 0.11 0.15 < 0.0001 223 18 432 < 0.001 2070 < 0.005 0.2 < 0.001 24 0.08 0.97 < 0.1 6 251 132 0.94
S10 24-Aug-05 0.08 0.002
S10 28-Nov-05 331 1.44 0.004 0.17 0.21 < 0.001 187 31 704 < 0.005 3050 < 0.005 1.14 < 0.01 34 0.46 2.98 < 0.1 13 388 208 2.42
S10 26-Apr-06 265 0.35 0.001 0.17 0.47 < 0.0001 149 19 609 0.007 2750 < 0.005 0.17 < 0.001 30 0.14 2.48 < 0.1 10 349 181 0.63
S10 29-Aug-06 0.2 0.003
S10 7-Nov-06 362 0.04 <0.001 0.18 0.27 < 0.0001 189 27 638 0.005 3070 < 0.005 0.6 < 0.001 34 0.35 1.65 < 0.1 13 484 188 0.73
S10 24-Apr-07 292 0.23 0.001 0.17 0.29 0.0018 144 20 500 0.009 2440 < 0.005 0.17 0.002 30 0.21 1.36 < 0.1 10 292 169 0.77
S10 16-Aug-07 0.08 0.001
S10 27-Nov-07 368 0.35 <0.001 0.26 0.12 < 0.0001 170 23 778 < 0.001 3320 0.005 0.61 < 0.001 25 0.51 0.62 < 0.1 7 438 123 1.12
S10 23-May-08 345 0.2 0.002 0.26 0.14 < 0.0001 150 42 670 < 0.005 2990 < 0.002 9.7 490 0.41 < 0.0005 22 0.33 0.4 0.02 8.2 5.9 390 117 1810 1.1
S10 19-Nov-08 413 0.53 <0.001 0.3 0.16 < 0.0001 200 34 830 < 0.005 3620 < 0.002 10.3 630 0.46 < 0.0005 34 0.58 0.7 0.04 8.2 9.2 480 179 2300 1
S10 FD 19-Nov-08 411 0.53 <0.001 0.31 0.22 < 0.0001 200 37 840 < 0.005 3650 < 0.002 10.2 630 0.59 < 0.0005 34 0.6 0.7 0.04 8.1 9.3 530 179 2400 1
S10 29-Apr-09 279 < 0.15 <0.002 0.21 0.28 < 0.0001 170 26 680 < 0.005 2850 0.002 10.8 440 0.39 < 0.0005 25 0.18 0.3 0.01 8 5.1 460 100 1830 < 0.7
S10 29-Oct-09 393 < 0.15 <0.002 0.34 0.15 0.0001 190 34 870 < 0.005 3750 < 0.002 11.2 590 0.82 < 0.0005 30 0.6 0.6 0.01 8 8.3 570 140 2390 < 0.7
S10 28-Apr-10 346 < 0.15 <0.004 0.36 0.11 < 0.0001 210 52 960 < 0.005 3770 < 0.002 16 550 0.15 < 0.0005 28 0.43 < 0.1 < 0.01 8.1 6.2 620 100 2400 1
S10 2-Nov-10 372 0.15 0.002* 0.25 0.09 < 0.0001 220 56 930 < 0.005 3970 < 0.002 16.1 620 0.36 < 0.0005 28 0.8 0.1 < 0.01 8.11 5.4 610 160 2440 1.1
S10 3-May-11 251 < 0.15 <0.002 0.15 0.14 < 0.0001 130 < 4 470 < 0.005 2170 < 0.002 8.3 390 0.12 < 0.0005 17 0.11 0.2 < 0.01 8.09 3.7 310 94 1360 < 0.7
S10 8-Nov-11 348 0.6 0.004 0.32 0.11 < 0.0001 200 39 930 < 0.005 3860 < 0.002 10.3 550 0.4 < 0.0005 23 0.43 < 0.1 < 0.01 7.65 4.6 650 140 2190 < 0.7
S10 7-May-12 320 < 0.15 <0.004 0.35 0.09 < 0.0001 180 45 800 < 0.005 3400 < 0.002 10.5 530 1.4 0.0006 23 0.68 < 0.1 < 0.01 7.87 4.1 510 130 1930 1.2
S10 29-Oct-12 320 0.55 0.001 0.31 0.28 < 0.0001 220 26 570 < 0.005 3200 < 0.002 8.7 690 0.96 < 0.0005 45 0.4 1.7 0.03 8.06 16 460 370 1760 1.4
S10 24-May-13 210 < 0.15 <0.002 0.12 0.091 < 0.0001 110 37 300 < 0.005 1600 < 0.002 12.7 340 0.24 < 0.0005 14 0.053 < 0.1 < 0.01 8.16 3 220 100 928 0.9
S10 30-Oct-13 310 0.16 <0.002 0.21 0.094 < 0.0001 170 45 560 < 0.005 < 0.0005 < 0.005 2700 < 0.002 17 530 1.4 < 0.0005 23 0.73 0.1 0.012 7.73 6 390 180 1470 1
SG-M1 4-May-11 257 0.34 0.002 0.27 0.23 < 0.0001 140 18 530 < 0.005 2380 < 0.002 5.2 400 12 < 0.0005 24 0.33 0.4 < 0.01 7.92 6.9 350 80 1460 0.8
SG-M1 8-Nov-11 328 2.33 0.007 0.23 0.39 < 0.0001 130 37 370 < 0.005 2000 < 0.002 8.6 400 3 < 0.0005 28 0.46 < 0.1 < 0.01 7.66 10 270 58 1180 2.9
SG-M1 7-May-12 260 1.02 0.012 0.43 0.31 < 0.0001 170 48 660 < 0.005 2800 < 0.002 8.2 500 12 0.0015 30 0.73 0.27 0.019 7.96 9.7 380 99 1610 3
SG-M3 4-May-11 246 < 0.15 <0.002 0.2 0.19 < 0.0001 < 0.2 12 500 < 0.005 2250 < 0.002 4.6 380 < 0.1 < 0.0005 < 0.05 0.071 0.5 < 0.01 8.1 < 0.2 0.63 71 1450 < 0.7
SG-M3 8-Nov-11 271 < 0.15 <0.002 0.2 0.26 < 0.0001 130 27 450 < 0.005 2130 < 0.002 4.6 370 0.16 < 0.0005 22 0.13 0.2 < 0.01 8.08 5 320 64 1160 < 0.7
SG-M3 7-May-12 220 < 0.15 <0.004 0.29 0.22 < 0.0001 140 18 650 < 0.005 2700 < 0.002 10.3 440 0.91 < 0.0005 25 0.29 0.36 < 0.01 8.13 6.3 380 82 1470 < 0.7
SG-M3 FD 7-May-12 220 < 0.15 <0.004 0.28 0.21 < 0.0001 140 19 640 < 0.005 2700 < 0.002 7.6 440 0.65 < 0.0005 24 0.22 0.37 < 0.01 8.1 6.1 360 80 1500 < 0.7
M4 29-Oct-12 350 3.26 0.010 0.33 0.27 < 0.0001 170 27 620 < 0.005 2900 < 0.002 8.3 540 3.3 < 0.0005 33 0.55 < 0.1 < 0.01 8.02 10 420 86 1630 4.1
M4 FD 29-Oct-12 350 3.04 0.009 0.35 0.28 < 0.0001 170 26 610 < 0.005 2900 < 0.002 8.3 530 3.4 < 0.0005 34 0.57 < 0.1 < 0.01 8.02 11 430 84 1720 3.7
M4 24-May-13 270 1.07 0.004 0.27 0.18 <0.0001 160 22 640 <0.005 2700 <0.002 7.3 490 0.74 <0.0005 28 0.34 0.48 <0.01 8.05 7.5 430 110 1600 1.7
M4 FD 24-May-13 270 1.09 0.004 0.26 0.18 <0.0001 160 23 620 2700 <0.002 7.3 490 0.7 <0.0005 28 0.32 0.49 <0.01 8.05 7.2 420 110 1630 1.7
M4 29-Oct-13 300 0.99 0.002 0.26 0.24 <0.0001 140 14 510 < 0.005 < 0.0005 <0.005 2500 0.0025 5.4 460 0.68 <0.0005 25 0.33 0.45 0.016 7.71 9 370 120 1320 1.5
M5 29-Oct-12 260 < 0.15 <0.004 0.26 0.07 < 0.0001 160 19 730 < 0.005 3100 0.002 6.7 480 0.85 < 0.0005 26 0.26 0.27 < 0.01 8.29 5.2 480 67 1830 < 0.7
M5 24-May-13 250 0.28 0.002 0.23 0.094 < 0.0001 150 23 660 < 0.005 2700 < 0.002 6.5 460 1 < 0.0005 24 0.25 0.24 < 0.01 8.18 5 430 80 1610 0.9
M5 29-Oct-13 240 < 0.15 <0.001 0.22 0.058 < 0.0001 130 8.1 620 < 0.005 < 0.0005 < 0.005 2600 0.0035 3.7 440 0.22 < 0.0005 21 0.054 0.37 < 0.01 8.09 4 420 71 1350 < 0.7
M5 FD 29-Oct-13 240 < 0.15 <0.001 0.22 0.057 < 0.0001 120 8.5 620 < 0.005 < 0.0005 < 0.005 2600 0.0036 3.7 420 0.2 < 0.0005 20 0.054 0.35 < 0.01 8.15 4 400 69 1340 < 0.7
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Appendix A2:  SURFACE WATER QUALITY (VOCs)
Waste Management Ottawa Landfill
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S1 22-May-03 < 0.0006 < 0.0021 < 0.0034 < 0.0019 < 0.0035 < 0.0016 < 0.0019 < 0.0029 < 0.0024 < 0.0016 < 0.0024 < 0.0024 < 0.0013 < 0.002 < 0.0019 < 0.0005 < 0.0013 < 0.002 < 0.0023
S1 23-May-03 < 0.0006 < 0.0004 < 0.0006 < 0.0004 < 0.0004 < 0.0005 < 0.0004 < 0.0007 < 0.0007 < 0.0003 < 0.0004 < 0.0004 < 0.0005 < 0.0003 < 0.0004 < 0.0005 < 0.0009 0.0002 < 0.0003
S1 30-Apr-04 < 0.0006 < 0.0021 < 0.0034 < 0.0019 < 0.0035 < 0.0016 < 0.0019 < 0.0029 < 0.0024 < 0.0016 < 0.0024 < 0.0024 < 0.0013 < 0.002 < 0.0019 < 0.0005 < 0.0013 < 0.002 < 0.0023
S1 27-Apr-05 < 0.0006 < 0.0021 < 0.0034 < 0.0019 < 0.0035 < 0.0016 < 0.0019 < 0.0029 < 0.0024 < 0.0016 < 0.0024 < 0.0024 < 0.0013 < 0.002 < 0.0019 < 0.0005 < 0.0013 < 0.002 < 0.0023
S1 26-Apr-06 < 0.0005 < 0.0004 < 0.0005 < 0.0004 < 0.0004 < 0.0005 < 0.0004 < 0.0005 < 0.0005 < 0.0003 < 0.0004 < 0.0004 < 0.0005 < 0.0003 < 0.0004 < 0.0005 < 0.0005 < 0.0002 < 0.0003
S1 24-Apr-07 < 0.0005 < 0.0004 < 0.0005 < 0.0004 < 0.0004 < 0.0005 < 0.0004 < 0.0005 < 0.0005 < 0.0003 < 0.0004 < 0.0004 < 0.0005 < 0.0003 < 0.0004 < 0.0005 < 0.0005 < 0.0002 < 0.0003
S1 23-May-08 < 0.0001 < 0.0001 < 0.0002 < 0.0002 < 0.0001 < 0.0001 < 0.0002 < 0.0002 < 0.0001 < 0.0002 < 0.0002 < 0.0002 < 0.0001 < 0.0001 < 0.0002 < 0.0005 < 0.0001 0.0001 < 0.0002
S1 FD 23-May-08 < 0.0001 < 0.0001 < 0.0002 < 0.0002 < 0.0001 < 0.0001 < 0.0002 < 0.0002 < 0.0001 < 0.0002 < 0.0002 < 0.0002 < 0.0001 < 0.0001 < 0.0002 < 0.0005 < 0.0001 < 0.0001 < 0.0002
S1 29-Apr-09 < 0.0001 < 0.0001 < 0.0002 < 0.0002 < 0.0001 < 0.0001 < 0.0002 < 0.0002 < 0.0001 < 0.0002 < 0.0002 < 0.0002 < 0.0001 < 0.0001 < 0.0002 < 0.0005 < 0.0001 < 0.0001 < 0.0002
S1 28-Apr-10 < 0.0001 < 0.0001 < 0.0002 < 0.0002 < 0.0001 < 0.0001 < 0.0002 < 0.0002 < 0.0001 < 0.0002 < 0.0002 < 0.0002 < 0.0001 < 0.0001 < 0.0002 < 0.0005 < 0.0001 < 0.0001 < 0.0002
S1 3-May-11 < 0.0001 < 0.0001 < 0.0002 < 0.0002 < 0.0001 < 0.0001 < 0.0002 < 0.0002 < 0.0001 < 0.0002 < 0.0002 < 0.0002 < 0.0001 < 0.0001 < 0.0002 < 0.0005 < 0.0001 < 0.0001 < 0.0002
S1 07-May-12 < 0.0002 < 0.0001 < 0.0002 < 0.0002 < 0.0001 < 0.0001 < 0.0002 < 0.0002 < 0.0001 < 0.0002 < 0.0002 < 0.0002 < 0.0001 < 0.0001 < 0.0002 < 0.0005 < 0.0001 < 0.0001 < 0.0002
S1 24-May-13 < 0.0002 < 0.0001 < 0.0002 < 0.0002 < 0.0001 < 0.0001 < 0.0002 < 0.0002 < 0.0001 < 0.0002 < 0.0002 < 0.0002 < 0.0001 < 0.0001 < 0.0002 < 0.0005 < 0.0001 < 0.0001 < 0.0002
S3 22-May-03 < 0.0006 < 0.0021 < 0.0034 < 0.0019 < 0.0035 < 0.0016 < 0.0019 < 0.0029 < 0.0024 < 0.0016 < 0.0024 < 0.0024 < 0.0013 < 0.002 < 0.0019 < 0.0005 < 0.0013 < 0.002 < 0.0023
S3 30-Apr-04 < 0.0006 < 0.0021 < 0.0034 < 0.0019 < 0.0035 < 0.0016 < 0.0019 < 0.0029 < 0.0024 < 0.0016 < 0.0024 < 0.0024 < 0.0013 < 0.002 < 0.0019 < 0.0005 < 0.0013 < 0.002 < 0.0023
S3 27-Apr-05 < 0.0006 < 0.0021 < 0.0034 < 0.0019 < 0.0035 < 0.0016 < 0.0019 < 0.0029 < 0.0024 < 0.0016 < 0.0024 < 0.0024 < 0.0013 < 0.002 < 0.0019 < 0.0005 < 0.0013 < 0.002 < 0.0023
S3 26-Apr-06 < 0.0005 < 0.0004 < 0.0005 < 0.0004 < 0.0004 < 0.0005 < 0.0004 < 0.0005 < 0.0005 < 0.0003 < 0.0004 < 0.0004 < 0.0005 < 0.0003 < 0.0004 < 0.0005 < 0.0005 < 0.0002 < 0.0003
S3 24-Apr-07 < 0.0005 < 0.0004 < 0.0005 < 0.0004 < 0.0004 < 0.0005 < 0.0004 < 0.0005 < 0.0005 < 0.0003 < 0.0004 < 0.0004 < 0.0005 < 0.0003 < 0.0004 < 0.0005 < 0.0005 < 0.0002 < 0.0003
S3 23-May-08 < 0.0001 < 0.0001 < 0.0002 < 0.0002 < 0.0001 < 0.0001 < 0.0002 < 0.0002 < 0.0001 < 0.0002 < 0.0002 < 0.0002 < 0.0001 < 0.0001 < 0.0002 < 0.0005 < 0.0001 < 0.0001 < 0.0002
S3 29-Apr-09 < 0.0001 < 0.0001 < 0.0002 < 0.0002 < 0.0001 < 0.0001 < 0.0002 < 0.0002 < 0.0001 < 0.0002 < 0.0002 < 0.0002 < 0.0001 < 0.0001 < 0.0002 < 0.0005 < 0.0001 < 0.0001 < 0.0002
S3 28-Apr-10 < 0.0001 < 0.0001 < 0.0002 < 0.0002 < 0.0001 < 0.0001 < 0.0002 < 0.0002 < 0.0001 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0001 < 0.0001 < 0.0005 < 0.0001 < 0.0001 < 0.0002
S3 3-May-11 < 0.0001 < 0.0001 < 0.0002 < 0.0002 < 0.0001 < 0.0001 < 0.0002 < 0.0002 < 0.0001 < 0.0002 < 0.0002 < 0.0002 < 0.0001 < 0.0001 < 0.0002 < 0.0005 < 0.0001 < 0.0001 < 0.0002
S3 FD 3-May-11 < 0.0001 < 0.0001 < 0.0002 < 0.0002 < 0.0001 < 0.0001 < 0.0002 < 0.0002 < 0.0001 < 0.0002 < 0.0002 < 0.0002 < 0.0001 < 0.0001 < 0.0002 < 0.0005 < 0.0001 < 0.0001 < 0.0002
S3 07-May-12 < 0.0002 < 0.0001 < 0.0002 < 0.0002 < 0.0001 < 0.0001 < 0.0002 < 0.0002 < 0.0001 < 0.0002 < 0.0002 < 0.0002 < 0.0001 < 0.0001 < 0.0002 < 0.0005 < 0.0001 < 0.0001 < 0.0002
S3 24-May-13 < 0.0002 < 0.0001 < 0.0002 < 0.0002 < 0.0001 < 0.0001 < 0.0002 < 0.0002 < 0.0001 < 0.0002 < 0.0002 < 0.0002 < 0.0001 < 0.0001 < 0.0002 < 0.0005 < 0.0001 < 0.0001 < 0.0002
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Appendix A2:  SURFACE WATER QUALITY (VOCs)
Waste Management Ottawa Landfill
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S1 22-May-03 < 0.001 < 0.0014 < 0.001 < 0.0012 < 0.0026 < 0.0016 < 0.0038 < 0.0034 < 0.0048 < 0.0027 < 0.0022 < 0.0015 < 0.0011 < 0.0021 < 0.0019 < 0.002 < 0.0049
S1 23-May-03 < 0.001 < 0.0005 < 0.001 < 0.0004 < 0.0002 < 0.0005 < 0.001 < 0.001 < 0.004 < 0.0005 < 0.0005 < 0.0003 < 0.0005 < 0.0004 < 0.0002 < 0.0003 < 0.0005 < 0.0005
S1 30-Apr-04 < 0.001 < 0.0014 < 0.001 < 0.0012 < 0.0026 < 0.0016 < 0.0038 < 0.0034 < 0.0048 < 0.0027 < 0.0042 < 0.0022 < 0.0015 < 0.0011 < 0.0021 < 0.0019 < 0.002 < 0.0049
S1 27-Apr-05 < 0.001 < 0.0014 < 0.001 < 0.0012 < 0.0026 < 0.0016 < 0.0038 < 0.0034 < 0.0048 < 0.0027 < 0.0042 < 0.0022 < 0.0015 < 0.0011 < 0.0021 < 0.0019 < 0.002 < 0.0049
S1 26-Apr-06 < 0.001 < 0.0005 < 0.001 < 0.0004 < 0.0002 < 0.0005 < 0.001 < 0.001 < 0.004 < 0.0005 < 0.0005 < 0.0003 < 0.0005 < 0.0004 < 0.0002 < 0.0003 < 0.0005 < 0.0002
S1 24-Apr-07 < 0.001 < 0.0005 < 0.001 < 0.0004 < 0.0002 < 0.0005 < 0.001 < 0.001 < 0.004 < 0.0005 < 0.0005 < 0.0003 < 0.0005 < 0.0004 < 0.0002 < 0.0003 < 0.0005 < 0.0002
S1 23-May-08 < 0.0002 < 0.0001 < 0.0005 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0001 < 0.0005 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0002
S1 FD 23-May-08 < 0.0002 < 0.0001 < 0.0005 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0001 0.0007 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0002
S1 29-Apr-09 < 0.0002 < 0.0001 < 0.0005 < 0.0001 < 0.0002 < 0.0005 < 0.0001 < 0.0002 < 0.0001 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0002
S1 28-Apr-10 < 0.0002 < 0.0001 < 0.0005 < 0.0001 < 0.0002 < 0.001 < 0.0001 < 0.0002 < 0.0001 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0002
S1 3-May-11 < 0.0002 < 0.0001 < 0.0005 < 0.0001 < 0.0002 < 0.001 < 0.0002 < 0.0001 < 0.0005 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0002
S1 07-May-12 < 0.0002 < 0.0001 < 0.0005 < 0.0001 < 0.0002 < 0.0005 < 0.0001 < 0.0002 < 0.0001 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0002
S1 24-May-13 < 0.0002 < 0.0001 < 0.0005 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0001 < 0.0005 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0002
S3 22-May-03 < 0.001 < 0.0014 < 0.001 < 0.0012 < 0.0026 < 0.0016 < 0.0038 < 0.0034 < 0.0048 < 0.0027 < 0.0022 < 0.0015 < 0.0011 < 0.0021 < 0.0019 < 0.002 < 0.0049
S3 30-Apr-04 < 0.001 < 0.0014 < 0.001 < 0.0012 < 0.0026 < 0.0016 < 0.0038 < 0.0034 < 0.0048 < 0.0027 < 0.0042 < 0.0022 < 0.0015 < 0.0011 < 0.0021 < 0.0019 < 0.002 < 0.0049
S3 27-Apr-05 < 0.001 < 0.0014 < 0.001 < 0.0012 < 0.0026 < 0.0016 < 0.0038 < 0.0034 < 0.0048 < 0.0027 < 0.0042 < 0.0022 < 0.0015 < 0.0011 < 0.0021 < 0.0019 < 0.002 < 0.0049
S3 26-Apr-06 < 0.001 < 0.0005 < 0.001 < 0.0004 < 0.0002 < 0.0005 < 0.001 < 0.001 < 0.004 < 0.0005 < 0.0005 < 0.0003 < 0.0005 < 0.0004 < 0.0002 < 0.0003 < 0.0005 < 0.0002
S3 24-Apr-07 < 0.001 < 0.0005 < 0.001 < 0.0004 < 0.0002 < 0.0005 < 0.001 < 0.001 < 0.004 < 0.0005 < 0.0005 < 0.0003 < 0.0005 < 0.0004 < 0.0002 < 0.0003 < 0.0005 < 0.0002
S3 23-May-08 < 0.0002 < 0.0001 < 0.0005 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0001 < 0.0005 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0002
S3 29-Apr-09 < 0.0002 < 0.0001 < 0.0005 < 0.0001 < 0.0002 < 0.0005 < 0.0001 < 0.0002 < 0.0001 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0002
S3 28-Apr-10 < 0.0002 < 0.0001 < 0.0005 < 0.0001 < 0.0002 < 0.0005 < 0.0001 < 0.0002 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0002
S3 3-May-11 < 0.0002 < 0.0001 < 0.0005 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0001 < 0.0005 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0002
S3 FD 3-May-11 < 0.0002 < 0.0001 < 0.0005 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0001 < 0.0005 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0002
S3 07-May-12 < 0.0002 < 0.0001 < 0.0005 < 0.0001 < 0.0002 < 0.0005 < 0.0001 < 0.0002 < 0.0001 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0002
S3 24-May-13 < 0.0002 < 0.0001 < 0.0005 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0001 < 0.0005 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0001 < 0.0002 < 0.0002
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