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1. INTRODUCTION 
1.1 BACKGROUND 
The West Coast Landfill (WCL) is situated 1 km north of the Pacific-Rim Highway, approximately 
9 km northwest of the Tofino-Ucluelet junction, and 7 km southeast from the Tofino Airport. It is 
located in a previously clearcut area leased from Weyerhaeuser, and borders the Pacific Rim 
National Park to the south and west (Figure 1). 

The WCL is owned by the Alberni-Clayoquot Regional District (ACRD) and operated under 
Operational Certificate MR-05634, issued April 12, 2005. It accepts municipal solid waste from the 
surrounding area, including Ucluelet and Tofino. McGill & Associates Engineering Ltd. (McGill), 
provided landfill design and operational plans to the ACRD through 2019, and Berry & Vale 
Contracting Ltd. operates the landfill. Piteau Associates Engineering Ltd. (Piteau) oversees the 
water quality monitoring program. Water quality results from the 2019 sampling period, along with 
relevant results from previous years, have been compiled and are presented and assessed in this 
report. 

1.2 HISTORY OF THE LANDFILL AND WATER QUALITY MONITORING  
The landfill is underlain by a thick layer of marine clay. The majority of the site drains to the south, 
as it has since prior to landfilling. The northeast portion, which is on the opposite side of a surface 
water divide (Figure 1), drains to the northeast. Prior to construction of the leachate storage lagoon 
in 2004, the current lagoon was a swampy area that drained towards Sandhill Creek. 

A surface water sampling program was implemented at WCL in 1996 and has been conducted 
under the direction of Piteau. Initially, samples were collected at sites identified as SW-1 through 
SW-7 (Figure 1) on a quarterly or bimonthly basis. The program was updated in 2003 to include a 
downstream sampling site on Sandhill Creek at Highway 4 (SHC). 

Three groundwater monitoring wells (MW02-1, -2 and -3) were installed in 2002 (Figure 1) and 
were sampled in October 2003 and June 2006. Field parameters and water levels in the monitoring 
wells were measured on a bi-monthly basis from April 2003 to June 2011. 

Locations of leachate collection ditches, a leachate storage lagoon, and a spray irrigation system 
are depicted on Figure 1. Water is pumped from the lagoon to a spray irrigation area north of the 
landfill footprint. To mitigate overflow events caused by excessive rainfall, two perforated overflow 
pipes extend from the northwest corner of the lagoon to distribute leachate over the area 
immediately north of the leachate lagoon. Following completion of these leachate management 
works in 2004, the sampling sites were adjusted to reflect the leachate collection ditches, and 
expanded to include 11 sites. 
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Two additional sample collection sites (SW-11 and SW-12) were incorporated into the water quality 
monitoring program in 2005. SW-13 was included in the program for three sampling events in 2008 
and 2009, and one in 2015. An additional upgradient site (SHC-East Tributary) was incorporated 
into the water quality monitoring program in 2018. 

In 2009 an Electromagnetic (EM) survey was conducted in the southwest corner of the landfill 
property to investigate the potential presence of a preferential pathway beneath Leachate Ditch #2, 
upstream of SW-11 at the south end of the western property line. The investigation identified a 
potential seepage pathway (Frontier, 2009). This was partially mitigated by work completed on 
Leachate Ditch #2 in 2012. 

1.3 SOURCES OF INFORMATION 
Sources of information for this report include: 

• Chemistry data for samples collected from the monitoring network since November 1996, 
as reported in previous monitoring reports (e.g., Piteau, 2019a); 

• Results of the monitoring well drilling program (Piteau, 2002);  

• Results of the 2009 EM Survey conducted by Frontier Geosciences Inc. (Frontier, 2009 and 
Piteau, 2010); and 

• Results of overflow event sampling (Piteau, 2014a, 2014b, 2015b, 2015c, and 2017a). 
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2. DESCRIPTION OF THE MONITORING PROGRAM 
2.1 SAMPLING LOCATIONS 
The original seven sampling sites were intended to monitor water quality along preferential surface 
flow paths from the landfill to Sandhill Creek, background surface water quality at a site to the north 
of the landfill, and water quality in Sandhill Creek. The additional sites, and modified locations for 
the original sites, are intended to characterize the leachate quality, to measure impact to 
Sandhill Creek, and to better document background chemistry. Locations of all sampling sites are 
shown on Figure 1. 

A brief description of the sampling sites follows: 

SW-1 Receiving creek (Sandhill Creek tributary), immediately downstream of where 
leachate collected along the cutline discharges into the creek. Moved 10 m 
downstream in December 2008, below where overflow from the leachate storage 
lagoon discharges to the creek. 

SW-2 Near downstream end of Leachate Ditch #2, at pipe outlet to storage lagoon. Prior 
to December 2004, this site was located along a preferential leachate flow path from 
the landfill. 

SW-3 Leachate storage lagoon at pump intake or along edge of pond when access to 
pump intake not available. Prior to December 2004, SW-3 was in a dug out located 
along the cutline to the west of the landfill, where there was preferential leachate 
flow. 

SW-4 Near downstream end of the Leachate Ditch #1, sampled at pipe outlet into storage 
lagoon discharge pipe. Prior to December 2004, samples were collected from a 
dugout in a swampy area to the south of the landfill, near the site of the leachate 
storage lagoon. 

SW-5 Initially this was a dug out in a swampy area to the south of the landfill. It was moved 
to an area of temporal ponding southeast of the leachate storage lagoon in 
December 2004. The most recent SW-5 samples were collected in May and July 
2012; there has been no standing water available for sample collection during 
subsequent sampling events. 

SW-6 This was initially at a dugout in the top of marine clay along the northernmost leachate 
flow path. In July 2005, it was moved to an area of occasional ponding in a low-lying 
area downstream of the spray irrigation area in the buffer zone along the west 
boundary of the landfill. There is no apparent surface flow path from this point to 
Sandhill Creek. 
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SW-7 Small natural drainage to the north of the landfill - background site. 

SW-8 North of landfill along an abandoned skidder road. Low point in the receiving area 
for leachate irrigation flow located about 100 m downstream of the leachate 
distribution pipe. Sampled since December 2004. 

SW-9 Located north of SW-8, where the north end of the abandoned skidder road 
becomes overgrown. Receiving area for leachate irrigation flow downstream of the 
leachate distribution pipe. Sampled since December 2004. 

SW-10 Initial site, sampled in December 2004 and February/May 2005, was on north property 
line, and was intended to provide background data (not shown on Figure 1). In July 
2005, was moved to Sandhill Creek above a point where leachate was interpreted to 
enter the creek, to provide a background (upstream) sampling site on Sandhill Creek 
(SW-10 US on Figure 1). However, since prior to September 2006, this site has been 
sampled approximately 50 m upstream of SW-1. 

SW-10BG Background site approximately 200 m upgradient of SW-10. Sampled in April 2015 
only by walking up Sandhill Creek tributary from SW-10. 

SW-10US Upstream site on Sandhill Creek tributary where a culvert passes under an abandoned 
logging road close to the originally-intended location of SW-10. This site receives 
drainage from the vicinity of SW-6. 

SW-11 Located west of the landfill, in a natural gulley that exhibits perennial flow and 
appears to be receiving leachate that seeps past Leachate Ditch #2 or overflows 
from the leachate pond after periods of heavy rain. Sampled since July 2005. 

SW-12 Located near the south landfill property boundary, downgradient of the leachate 
storage lagoon where a small tributary of Sandhill Creek rises when recharged by 
shallow groundwater flow. The objective for this site is to confirm that containment 
provided by the leachate storage lagoon and Leachate Ditch #1 is adequate to 
mitigate leachate migration and impact across the south boundary of the site. 
Sampling at SW-12 started in July 2005. Between September 2006 and May 2015 
SW-12 samples were collected from Sandhill Creek on the south property boundary. 

SW-13 Located inside the south fence line along the south side of the access road to the 
lagoon. This location was sampled once in 2008, twice in 2009, and once in 2015. 

SHC Sandhill Creek at downstream site, 20 m upstream of the Highway 4 culvert. This 
site was first sampled in 2003. 
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SHC-East  
Tributary 

Sandhill Creek tributary upstream of the SHC sampling site outside the area where 
landfill effects are interpreted. Sample collected at culvert where east tributary of 
Sandhill Creek passes under Alaska Pine Road, close to Highway 4. 

MW02-1 Monitoring well located near south property line. 

MW02-2 Monitoring well located near southwest corner of property. 

MW02-3 Monitoring well located near east property line (background site). 

Overflow Sampled at the outlet of the storage lagoon when it is in a decanting condition. 

All sampling sites are shown on Figure 1. Sites that are no longer sampled are denoted with light 

green symbols and monitored sites are shown in a dark green shade. 

2.2 MONITORING FREQUENCY AND PARAMETERS 
Samples were collected from the monitoring network once in 1996, four times in 1997, and on a 
bi-monthly basis since 1998. In 2019, sampling was performed at all regular monitoring locations 
where water was present on March 4, April 30, July 3, August 27, October 22 and December 11. 
In addition, samples were collected at SW-10US and at SHC-East Tributary on August 27, and 
again at SHC-East Tributary on October 22.  

Electrical conductance (EC), pH, and temperature were measured in the field, and water samples 
were collected from each site for laboratory analysis. Prior to April 2018, all surface water samples 
were grab sampled. Starting in April 2018, samples were collected using a low-flow peristaltic pump 
to reduce sample turbidity and concomitant metals exceedances. 

Concentrations of leachate indicator parameters (chloride, sulphate, ammonia, nitrate, and 
phosphorus) were quantified with laboratory analyses. Samples from SW-1, SW-3, SW-7, SW-10, 
SW-11, and SHC-East Tributary were analyzed for total metals, chemical oxygen demand (COD) 
and biological oxygen demand (BOD). Metal analyses on samples from the remaining locations 
were limited to total aluminum, iron, and manganese, and BOD and COD analyses were completed 
on samples from SW-2, SW-4, SW-8, and SW-9. Volatile organic compound (VOC) analyses were 
performed on all six samples from SW-3 and for two SW-1 samples in August and December. 
In addition, a mid-summer sample from SW-3 was submitted for analysis of a broad spectrum of 
potential contaminants. The standard sampling program, as performed in 2019, is summarized in 
Table I.  

Average concentrations of key leachate parameters for 2019 at each site are presented in Table II, 
and all exceedances of the British Columbia guidelines for the protection of freshwater aquatic life 
(FWAL) guidelines in 2019 are summarized in Table III. Results of the field measurements and 
laboratory analyses for the above surface water sampling sites are summarized in Tables A-1 
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through A-17 in Appendix A, and monitoring data for key leachate indicator parameters are plotted 
on Figures B-1 through B-14 in Appendix B. 

As in previous years, all sample collection was conducted by ACRD personnel. A field review of 
the ACRD’s monitoring program was conducted in October 2019 by Piteau (Piteau, 2019b). 

 New FWAL Guideline 
A new dissolved copper FWAL guideline approved in August 2019 supersedes the hardness-
dependent total copper guideline (BC MOE, 2019). The new guideline is dependent on sample pH, 
temperature, dissolved organic carbon (DOC), humic acid content (HA), alkalinity, and major cation 
and anion concentrations.  

For the 2019 reporting period, total copper results have been compared against the now 
superseded total copper guideline, as dissolved copper, DOC, and HA were not monitored in 2019.  

2.3 QUALITY ASSURANCE/QUALITY CONTROL 
Quality assurance/quality control (QA/QC) processes incorporated in the monitoring program 
included measures by both the analytic laboratory and by field personnel collecting surface water 
and groundwater samples. The laboratory component includes analysis of quality control samples 
to define precision and accuracy, and to demonstrate contamination control for the type of samples 
and parameters under investigation. These measures include analysis of laboratory replicates, 
method blanks, and certified reference materials.  

QA/QC inherent in the field program included the following measures to ensure sample integrity. 
Prevention of cross contamination or introduction of foreign contaminants during sampling included 
use of new latex or nitrile gloves and dedicated sampling equipment at each sample location, and 
use of unused sample containers provided by the project laboratory.  

The field program also included collection and analysis of duplicate samples to verify analytical 
precision (i.e., repeatability). In 2019, 70 samples and seven duplicate samples were collected for 
analysis. The relative percent difference (RPD) between the sample and the duplicate was 
calculated in accordance with the following equation: 

100%x 
2)C(C

)C(C
RPD

21

21

+

−
=  

where: 
• RPD is relative percent difference; 

• C1 is the larger of the two observed values; and 

• C2 is the smaller of the two observed values. 
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RPD values below about 35% are generally desirable, and values of up to about 65% are 
considered acceptable. For the seven field duplicate samples collected in 2019, all calculated RPDs 
were below 35%, with the following exceptions (Appendix C):  

• The RPD for total manganese at SW-1 for March 2019 was 58%. The maximum 
concentration was 0.02 mg/L, well below the 0.78 m/L hardness-dependent 
manganese FWAL guideline. The elevated RPD is likely due to inclusion of sediment 
in the samples, which can lead to a higher degree of variability; 

• Total cadmium and total copper at SW-3 in October 2019 had respective RPDs of 
40% and 39%. At 0.00002 and 0.00003 mg/L, the cadmium concentrations were close 
to the 0.00001 mg/L detection limit, and well below the hardness-dependent dissolved 
cadmium FWAL guideline of 0.0004 mg/L. The maximum copper concentration was 
0.0058 mg/L, also well below the 0.01 mg/L hardness-dependent FWAL guideline. 
The elevated RPDs are likely due to a combination of the low cadmium concentration 
close to the detection limit, and also inclusion of sediment in the samples, as above; 

• The RPDs for total aluminium, iron and manganese in the July 2019 SW-9 sample 
were 51%, 74% and 56%, respectively. All were detected at significant concentrations 
and exceeded respective FWAL guidelines, except for total iron in the duplicate 
sample. The elevated RPDs are likely due to inclusion of sediment in the samples, as 
above; and 

• RPDs for total arsenic and copper at SW-11 in December 2019 were 143% and 54%, 
respectively. At 0.0001 and 0.0006 mg/L, the total arsenic concentrations were below 
the 0.002 mg/L FWAL guideline. The total copper concentrations of 0.0027 and 0.0047 
mg/L both were both below the hardness-dependent 0.005 mg/L FWAL guideline. The 
elevated RPDs are likely due to inclusion of sediment in the samples, as above. 
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3. LEACHATE FLOW PATHS 
3.1 SURFACE WATER 
Virtually all of the leachate flow from the landfill follows surface pathways, as the effective base of 
the groundwater flow regime is the top of the unweathered marine clay at a nominal depth of 
between 0.4 and 1 m. Leachate historically seeped from the landfill along four primary flow paths 
that were routed through the historical locations SW-2, SW-3, SW-4, and SW-6 towards the cutline 
indicated on Figure 1. Once on the cutline, the flow historically concentrated in tracks left by the 
dozer used to construct the cutline and then continued south along the cutline, until they intersected 
the tracks on the east-west cutline connecting SW-1 and SW-4. Leachate then flowed along this 
cutline to the Sandhill Creek tributary (Figure 1). This flow path was only obvious during wet periods, 
as dry period flow was through the shallow peaty soils towards the tributary. In 1998 storm bars 
were constructed across the cutline marking the original west boundary of the property at roughly 
75 m intervals to divert surface flow towards the creek (Figure 1). 

The leachate collection ditches and leachate lagoon shown on Figure 1 were commissioned in the 
late summer of 2004, following the August sampling event. This leachate collection system has 
effectively routed all surface leachate flows into the lagoon since its implementation. Samples 
collected from the leachate lagoon (SW-3) and the two leachate collector ditches (SW-2 and SW-4), 
provide a good indication of the average quality of leachate generated by the landfill. 

Sampling results for SW-11 from 2005 through 2019 indicate some leachate impact apparently due 
to shallow seepage under Leachate Ditch #2 (Figure 1). 

A 2012 letter following an inspection by the BC Ministry of Environment (MOE, 2012) indicated 
concerns that SW-11 was located outside the potential leachate pathway identified by the 2009 EM 
Survey conducted by Frontier Geosciences Inc. (Frontier, 2009). Frontier’s report indicated that, 
“the presence of a small creek that traverses the start of lines A, B, and C and extends northward 
along line D shallowing into a slough, is reflected in the high conductivity anomaly that extends 
coincident with the location of this water feature. This anomaly, that extends northeast from the 
southwest corner of the grid area to the middle of line I, is believed to be related to elevated surface 
and groundwater conductivities and not to changes in soil conditions.” SW-11 is located in the 
gulley that drains the area of the conductive anomaly mapped by Frontier. This is also the only 
natural surface drainage course from the landfill area. Any seepage from the landfill that passes 
through the conductive anomaly will collect in this channel; hence, monitoring data for this location 
will be representative of the escaped leachate. Sampling from within the actual extent of the 
anomaly may result in higher concentrations of leachate indicator parameters, but sampling 
frequency would be sporadic, as the sampling site would likely be dry during the summer, and the 
sample would only represent one discrete location in the broad potential leachate seepage zone. 
The SW-11 site provides a continuous, composite sample of the leachate seepage, and will be 
representative of the actual leachate loading that is not intercepted by Leachate Ditch #2. 
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3.2 GROUNDWATER 
As noted in Section 2.1, three groundwater monitoring wells (MW02-1, -2, and -3) have been 
installed at three sites along the landfill property boundary (Figure 1). Monitoring well MW02-3 is 
located upgradient of the landfill to provide background chemistry data for local groundwater. The 
other two monitoring wells are located downgradient of the landfill, along interpreted subsurface 
seepage pathways from the site. A detailed description of the drilling and testing program is 
provided in a letter to McGill dated November 5, 2002 (Piteau, 2002). 

All three monitoring wells encountered marine clay to a nominal 12 m depth. The hydraulic 
conductivity for the clay is estimated to be less than 10-9 m/s, and the estimated seepage velocity 
through the clay is less than 2 cm/year. 

The wells were sampled in October 2003, after repeated purging over the previous 12 months. The 
wells were then purged on six occasions in the 2003/2004 reporting period, and temperature, pH, 
and EC were measured to be very consistent over this period. The wells were not purged or 
sampled in 2005, to provide a year of reliable static water level data. The monitoring wells were 
sampled again on June 13, 2006. The wells have not been sampled since June 2006, but water 
levels were monitored bi-monthly until June 2011. 

The rationale for not continuing the groundwater monitoring program is presented below: 

• The two suites of water samples obtained from the three monitoring wells in October 2003 
and June 2006 (Tables A-18a and A-18b), and field parameters measured in 2003, 2004 
and 2006 (Table XVI of Piteau, 2015), indicate that the chemistry is not changing 
significantly, and that the two suites of samples obtained from these wells are representative 
of marine connate water (pore water at time of deposition) within the clay layer. 

• Groundwater velocity was calculated to be about 2 cm/year (Piteau, 2002). This very slow 
flow rate is confirmed with the high total dissolved solids (TDS) of the sampled groundwater, 
which indicates the connate formation water has only been partially flushed by meteoric 
recharge since the marine clay was deposited approximately 10,000 to 15,000 years ago. 
The leachate loading transported by the groundwater flow regime below the surficial peat 
is therefore extremely small. 

• Due to the residual connate water in the clay, concentrations of many of the monitored 
parameters (TDS, chloride, sodium and ammonia) are similar to or higher in the natural 
groundwater than at the most heavily impacted surface water sampling locations. 
Monitoring of groundwater will therefore not provide any resolution with regard to the 
presence or absence of leachate. 

The recommendation to not sample the groundwater wells is based on the very high background 
concentrations of TDS, chloride, sodium, sulphate and ammonia, which are residual from the 
marine water in the clay pores at the time of deposition, and the very low seepage velocity. 
Groundwater flow through the marine clay sediments underlying the landfill is not a significant 
leachate transport pathway, and monitoring groundwater chemistry will not detect the presence of 
leachate. 
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4. DISCUSSION OF SAMPLING RESULTS 
4.1 COLLECTED LEACHATE QUALITY 

 SW-2, SW-3 and SW-4 
Analysis results for SW-2, SW-3, and SW-4 indicated elevated concentrations of TDS, chloride, 
and ammonia concentrations (Tables A-2, A-3 and A-4, Figures B-1, B-3, and B-5) and are 
indicative of concentrated leachate. Hardness and alkalinity are also elevated, with SW-2 results 
for 2019 ranging from 272 to 489 mg/L as CaCO3 and 341 to 635 mg/L as CaCO3, respectively. 
Hardness and alkalinity results for SW-3 ranged from 150 to 378 mg/L as CaCO3 and 171 to 
484 mg/L as CaCO3, respectively. Hardness and alkalinity results for SW-4 ranged from 314 to 
514 mg/L as CaCO3 and from 377 to 773 mg/L as CaCO3, respectively. 

Prior to implementation of the leachate interception measures in 2004, TDS results for SW-2 and 
SW-3 varied from highs of 450 to 1600 mg/L in dry periods (June to September), to less than 
300 mg/L in wet periods, when dilution is greatest (February). TDS results in 2019 for SW-2, SW-3, 
and SW-4 ranged from 222 to 938 mg/L. Higher TDS values measured from 2013 to 2019 are 
attributed to lower precipitation, and reduced dilution, during this period (Figure B-1). 

From 2004 to 2013, chloride concentrations in the leachate monitored at SW-2 and SW-3 fluctuated 
between 7.6 and 80 mg/L, with peak concentrations occurring in the summer/autumn samples 
(Figure B-3). Since 2014, the summer leachate concentrations have all exceeded the historical 
range exhibited by the summer samples since the leachate collection system was commissioned. 
Maximum values of 135, 124, and 137 mg/L were measured at SW-2, SW-3, and SW-4, 
respectively in 2019. Results for samples collected during the late autumn to spring months typically 
fell within the historical range. In 2019, the SW-4 samples displayed slightly higher chloride 
concentrations than the SW-2 site, indicating that flows in Leachate Ditch #2 (west side) received 
more dilution than those in Leachate Ditch #1 (east side). Chloride concentrations for SW-3 
samples, which represent the mixed leachate for the entire site, ranged between 21 and 124 mg/L 
in 2019. The peak concentration occurred in July, when background concentrations typically peak 
due to the significance of the brackish groundwater baseflow in the surface flows. With the 
exception of the chloride exceedance measured at SW-2 in August 2017 (160 mg/L), all recent 
chloride concentrations remained below the 150 mg/L chloride FWAL guideline. 

Ammonia concentrations at SW-2 in 2019 varied between 16.0 and 40.6 mg/L-N (Figure B-5 and 
Table A-2). Following commissioning of leachate ditches in late-2004, concentrations at SW-2 were 
higher than those at SW-3 and SW-4 until 2014, when they were surpassed by ammonia 
concentrations at SW-4. Ammonia concentrations at SW-4 varied from 18.7 to 60.8 mg/L-N, and 
averaged 37.3 mg/L-N for 2019. Ammonia concentrations in the leachate lagoon (SW-3) averaged 
15.0 mg/L-N in 2019, and were significantly lower than at SW-2 and SW-4 (Figure B-5). The 
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reduction in the SW-3 ammonia concentrations indicates that some nitrification may be occurring 
in the leachate storage lagoon. Summer ammonia concentrations at the leachate collection sites, 
particularly in SW-4, have been higher in 2018 and 2019 than typically measured since the leachate 
collection system was implemented in 2004. The general increase in ammonia concentrations likely 
reflects the drier than average weather and the relative rise at SW-4 may be due to the changing 
deposition location over the landfill footprint.  

Nitrate concentrations at SW-2 and SW-4 were also higher than in previous years, particularly 
during the summer sampling events. The maximum concentrations in 2019 at SW-2 and SW-4 
were 17.9 and 8.08 mg/L-N, respectively, and occurred in August. Both values exceed the FWAL 
guideline of 3 mg/L-N (Table A-2 and Figure B-7). Nitrate concentrations were generally lower at 
SW-3, ranging from 0.268 to 2.1 mg/L-N.  

In 2019, COD concentrations at SW-3 ranged between 44 and 178 mg/L-O (Table A-3 and 
Figure B-9). COD concentrations ranged from 49 to 99 mg/L-O at SW-2 and from 75 to 185 mg/L-O 
at SW-4. The relative concentrations of the three sampling sites reflect the mixing ratio of the SW-2 
and SW-4 waters in the storage lagoon, and evaporation in the summer months. COD 
concentrations since 2013 at SW-2, SW-3, and SW-4 have been slightly higher than over the five 
years previous to 2013. Higher COD concentrations in recent years are attributed to the dry 
weather, and possibly a change in waste composition. Any renovation that occurred prior to the 
SW-3 sampling site can likely be attributed to residence time in the leachate storage lagoon. 

Historical BOD levels at SW-2, SW-3 and SW-4 are typically less than 40 mg/L-O (Figure B-11), 
reflecting the low strength of the leachate. In 2019, BOD at SW-3 ranged from <4 to 25 mg/L-O, 
similar to 2015 to 2018 (Table A-3 and Figure B-11). BOD concentrations at SW-2 and SW-4 
ranged from <4 to 15 mg/L-O and 5 to 71 mg/L-O, respectively. The highest BOD value recorded 
for SW-4 in 2019 occurred in October (71 mg/L-O), which is generally higher than in recent years 
but substantially lower than peak values measured in 2017.  

In 2019, total aluminum concentrations exceeded the FWAL guideline for dissolved aluminum for 
most sampling events at SW-2, SW-3 and SW-4 (Tables A-2, A-3, and A-4 and Figure B-13). 
Analysis of dissolved metals at SW-3 for 2015 to 2017 indicated that while total aluminum 
chronically exceeded the FWAL guideline for dissolved aluminum, the dissolved aluminum 
concentration was always below the FWAL guideline (Piteau, 2018). The background concentration 
of total aluminum (at SW-7) has exceeded the FWAL guideline for all sampling events for the 
reporting period (2017-2019). 
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Since the implementation of the leachate collection system, total iron concentrations remained 
below 40 mg/L, until peaking in 2013, with a concentration of 76.8 mg/L at SW-4. Total iron 
concentrations at SW-2 and SW-3 ranged from 0.37 to 8.09 mg/L and exceeded the FWAL 
guideline of 1 mg/L for eight of the twelve sampling events in 2019. Iron concentrations at SW-4 
ranged from 0.55 mg/L to 27.8 mg/L, exceeding the FWAL guideline for all but the August 2019 
sample (Tables III, A-2, A-3, and A-4, and Figure B-15). 

For the 2019 reporting period, total manganese concentrations at SW-2 and SW-4 exceeded the 
FWAL guideline for one of six and five of six sampling events, respectively, based on the 
approximate average hardness of 400 mg/L. Total manganese concentrations in SW-3 were below 
the FWAL guideline for all 2019 sampling events except March and April, based on an average 
hardness of 250 mg/L CaCO3 (Tables III, A-2, A-3 and A-4, and Figure B-17). 

Total chromium concentrations at SW-3 exceeded the FWAL guideline in five of six sampling 
events in 2019. Total manganese concentrations at SW-3 also exceeded the FWAL guideline for 
the March and April sampling events (Table A-3). 

Seasonal low concentrations in the concentrated leachate monitoring data are often noted in 
December to January, when dilution effects would be greatest, and high concentrations often occur 
during the dry summer and early autumn periods. The slight increase in leachate indicator 
concentrations in the past seven years, as compared to 2009 to 2012, is likely due to a combination 
of drier than average weather, and a change in waste composition or extent exposed to leaching. 

VOC analyses were performed on six samples collected from SW-3 in 2019. All results were 
non-detect (Table A-16), including toluene. The highest toluene results are 21.5 µg/L for August 
2013 and 568 µg/L sampled in November 1996. 

Other than toluene, the only VOC detections since 2008 have been one xylene result of 0.5 μg/L 
and five benzene results of 0.1 or 0.2 μg/L, well below the respective FWAL guidelines of 30 and 
40 μg/L. The VOC detections appear to be due to specific events. 

The August sample from SW-3 was submitted for analysis of a broad spectrum of potential organic 
contaminants, including: light and heavy extractable petroleum hydrocarbons (LEPH & HEPH), 
organophosphate pesticides, organochlorine pesticides, base neutral and acid extractable 
compounds, and total phenols (Table A-17). Concentrations of all parameters analyzed were below 
detection limits, with the exception of hydroquinone, m-Cresol, and para-Cresol, which do not 
currently have FWAL guidelines.  
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4.2 LEACHATE IRRIGATION WATER RECEIVING AREA AND WEST 
LANDFILL BOUNDARY 

 SW-8 and SW-9 
SW-8 and SW-9 were sampled six times in 2019. TDS varied between 238 and 400 mg/L at SW-8, 
and between 248 and 450 mg/L at SW-9 in 2019 (Tables A-8 and A-9, and Figure B-1). Chloride 
concentrations ranged between 25.5 and 61.4 mg/L at SW-8 and between 25.4 and 47.4 mg/L at 
SW-9. Typically, the peak concentrations at SW-8 and SW-9 occur in the summer months 
(Figure B-3). These results indicate significant leachate effect at both sites due to the upslope 
application of irrigation water. 

Ammonia concentrations ranged between <0.01 and 3.84 mg/L-N at SW-9, with the highest result 
in April exceeding the 30-day average FWAL guideline of 1.84 mg/L-N (Figure B-5). Four of the six 
ammonia results for SW-9 exceeded the FWAL guideline, with a maximum concentration of 
6.1 mg/L-N in October. The variation between the sampling events suggests that treatment 
provided by winter irrigation is likely limited to dilution, plus some nitrification. Nitrate concentrations 
for 2019 at SW-8 and SW-9 exceeded the FWAL guideline (3.0 mg/L-N) once in December with 
the highest nitrate concentrations measured to date (4.17 mg/L and 8.48 mg/L respectively) 
(Figure B-7). 

COD concentrations sampled at SW-8 and SW-9 ranged from <10 to 68 mg/L-O in 2019 
(Figure B-9). BOD was detected in four samples from SW-8 and one sample from SW-9 at 
concentrations ranging from 7 to 53 mg/L-O (Figure B-11). 

Total iron at SW-8 and SW-9 exceeded the FWAL guideline of 1.0 mg/L in seven of the twelve 
2019 samples (Tables A-8 and A-9 and Figure B-15). SW-8 and SW-9 concentrations averaged 
2.0 and 0.9 mg/L, respectively (Table II). All total aluminum results at SW-8 and SW-9 except the 
March 2019 sample at SW-9 exceeded the dissolved aluminum guideline. 

In summary, 2019 monitoring results for sites SW-8 and SW-9 continued to show varying leachate 
impact in response to the irrigation of water over the upland area. The sampling results also indicate 
that: 

• The irrigation system promotes significant nitrification year-round; 

• Irrigation promotes plant uptake of nutrients and increases evapotranspiration losses of 
leachate in the summer months; and 

• Irrigation increases leachate dilution prior to discharge to Sandhill Creek in the winter 
months. 

Some results from previous years indicate the lagoon/irrigation system promotes oxidation and 
precipitation of iron. Some instances of higher total iron concentrations measured in the last few 
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years suggest this may not always be the case; however, concentrations were mostly lower than 
in the leachate samples from SW-2, SW-3 and SW-4, indicating iron concentrations are reduced 
relative to typical leachate. Overall, the irrigation system does appear to reduce iron and ammonia 
loading to Sandhill Creek, particularly during the growing season, when ammonia impacts on 
Sandhill Creek are expected to be the most significant. 

A very slight increasing trend in leachate indicator parameters (TDS, chloride, iron, nitrate, and 
varying ammonia) has been attributed to the dry weather, and the above noted slight increasing 
trend in leachate lagoon concentrations.  

 SW-6 
SW-6 is located in an area of ephemeral ponding in the buffer zone along the west edge of the 
landfill (Figure 1). Water from the spray irrigation area passes through this site before leaving the 
property. It was sampled five times in 2019; it could not be sampled in July as there was no water 
present. 

TDS at SW-6 varied between 168 and 300 mg/L for the 2019 sampling events (Table A-6 
and Figure B-1). Ammonia concentrations ranged from <0.01 to 4.84 mg/L-N, exceeding the 
1.84 mg/L-N FWAL guideline in March (Table A-6 and Figure B-5). Nitrate concentrations ranged 
from 0.375 to 7.77 mg/L, exceeding the 3.0 mg/L-N FWAL guideline in December.  

As in previous years, all of the 2019 total aluminum results exceeded the FWAL dissolved guideline. 
The elevated total aluminum and iron concentrations for the October 2013 sampling event 
(9.42 and 17.8 mg/L, respectively) have not been repeated (Figure B-13). Total iron concentrations 
averaged 0.6 mg/L for 2019, with no exceedances (Tables II and III).  

Overall, historical TDS, chloride, ammonia and nitrate data suggest water quality at SW-6 is slightly 
impacted by leachate. Over the past three years there have been three ammonia and three nitrate 
exceedances out of the fifteen samples collected, with the 2019 exceedances being the highest on 
record since the leachate collection system was implemented. However, compared to SW-8 and 
SW-9, samples from SW-6 generally show improvement for leachate indicators (Table II). Since 
2013, nitrate data have generally been on the high end of the historical envelope, indicating higher 
nitrification rates. Chloride concentrations closely track those measured at SW-8 and SW-9 
(Figure B-3), suggesting the reduced nutrient loading compared to SW-8 and SW-9 is not solely 
attributable to dilution.  
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4.3 SOUTHWEST AND SOUTH LANDFILL BOUNDARIES 
 SW-11 

SW-11 has been sampled on a bi-monthly basis since it was incorporated into the sampling 
program in July 2005. It was sampled four times in 2019, as it was dry in July and August. Ranging 
between 54 and 571 mg/L, and 9.6 and 94.7 mg/L, respectively, concentrations of TDS and chloride 
have been high (Figures B-2 and B-4). Concentrations for the current reporting period fall in the 
low end of the historical range, as this site was dry in the summer months when the elevated values 
are typically measured (Table A-11 and Figures B-2 and B-4). Total aluminum, chromium and iron, 
and manganese concentrations exceeded FWAL guidelines for all 2019 sampling events, and total 
mercury met the FWAL guideline for the October 2019 sampling event (Tables III and A-11). 

Ammonia concentrations in samples from SW-11 typically exceeded the FWAL guideline 
(1.84 mg/L-N) from 2005 to mid-2008, with results varying up to 19.6 mg/L-N. Results remained 
close to or below the FWAL guideline until 2015, when a maximum of 13 mg/L-N was measured 
in June. From 2015 to 2018, exceedances occurred every year, with peaks of 3.22, 6.9, and 
5.6 mg/L-N measured in 2016, 2017, and 2018, respectively, but no exceedances were recorded 
in 2019. Similarly, nitrate concentrations dropped significantly in 2008 and rose again in 2017. The 
June 2018 sample (3.59 mg/L-N) resulted in the first exceedance of the 30-day FWAL guideline 
3 mg/L-N since 2008. Nitrate concentrations dropped again in 2019, ranging between 0.067 and 
0.3 mg/L-N (Table A-11 and Figure B-8). Ammonia concentrations, which are significantly higher 
than background, indicate some leachate impact at SW-11 (Table II). It is noteworthy that the 
SW-11 concentrations varied from 2% to 50% of the ambient SW-2 concentrations, indicating the 
provenance of the flow could be Leachate Ditch #2. However, the poor correlation between the two 
concentrations suggests a localized source within the landfill, and hence a discrete seepage path 
beneath Leachate Ditch #2. 

Total iron concentrations varied from 2.51 to 3.61 mg/L (Table A-11 and Figure B-16). Iron 
concentrations have consistently exceeded FWAL guidelines at SW-11, and are on par with iron 
concentrations measured in the leachate collection system (Table II). The highest concentrations 
are typically observed in the summer months and have been elevated since 2009 (Figure B-16). 

Manganese concentrations in the four 2019 samples remained below the FWAL. Manganese 
concentrations have chronically exceeded FWAL guidelines at this sampling site during the 
summer months, and display seasonal variations similar to the iron data (Figure B-18). 

Total aluminum concentrations ranged from 0.717 to 1.63 mg/L in the current reporting period, with 
all samples exceeding the dissolved FWAL guideline of 0.05 mg/L (Table A-11). The aluminum 
concentrations were historically similar to the background values (Section 4.4), but have increased 
relative to background values since 2015. 
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Consistent with results from previous years, total chromium concentrations ranged between 0.0012 
and 0.0024 mg/L in 2019, exceeding the Cr(VI) FWAL guideline of 0.001 mg/L in all sampling 
events. 

Seven samples since 2014 have had detectable total and/or dissolved mercury measured at the 
FWAL guideline, 0.02 µg/L, including the October 2019 sample. No mercury exceedances had 
occurred prior to 2014, but on several occasions the detection limit has been greater than the 
guideline.  

The 2005 to 2019 monitoring results for SW-11, with average leachate parameter concentrations 
resembling a diluted version of trends at SW-2 (Table II), indicate the small gulley at SW-11 is a 
pathway for movement of leachate towards Sandhill Creek. There must therefore be a shallow 
seepage pathway at some point beneath or around Leachate Ditch #2. Leachate effects (primarily 
nitrate and ammonia) appeared to drop in 2009, likely as a result of deepening of this ditch. Since 
2013, ammonia concentrations have exceeded the FWAL after periods of dry weather, which 
further supports the existence of a shallow seepage pathway. The ammonia results are highly 
variable, but overall, appear to be displaying a slightly increasing trend similar to the leachate. Total 
iron has risen since 2009, tracking the concentrations in the leachate collection system. SW-11 
exhibits a moderate degree of impact from leachate, with iron, manganese and chromium 
concentrations chronically exceeding their respective 30-day FWAL guidelines. 

 SW-5 
Monitoring results for SW-5 indicate a significant improvement in water quality following 
construction of Leachate Ditch #1 in the autumn of 2004, and when this sampling location was 
moved to the downstream side of the ditch in an area of ephemeral ponded water. This ephemeral 
ponding area receives water from the diversion ditch around the east side of the landfill, and other 
local runoff water. 

Due to its ephemeral nature, the SW-5 site is sampled only when there is sufficient water present. 
Only two samples were collected in 2012 (May and July), and it has been dry during all subsequent 
sampling events. TDS at SW-5 dropped from a range of 100 to 600 mg/L prior to implementation 
of the leachate collector ditches, to between 45 and 170 mg/L in 2006, between 40 and 86 mg/L in 
2008 to 2010, and between 40 and 106 mg/L in 2012 (Table A-5 and Figure B-2). Chloride 
concentrations displayed a similar trend, dropping from the 8 to 55 mg/L range prior to 2004, 
to between 2.4 and 5.9 mg/L in 2010. The most recent data are essentially background levels 
(Figure B-4).  

Ammonia concentrations, which ranged from 1.2 to 68 mg/L-N prior to the commissioning of 
Leachate Ditch #1, dropped to detection levels between 2005 and 2007, and ranged between 
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<0.01 and 0.03 mg/L-N in 2012 (Table A-5 and Figure B-6). The highest concentration after 
construction of the new ditch was 0.54 mg/L-N in December 2008. Nitrate concentrations were near 
or below the detection limit in 2010 and 2012. 

Total aluminum, iron and manganese were the only metals sampled at this site in 2012. Iron was 
slightly elevated compared to background, which is expected for a stagnant area in a bog 
environment (Table A-5). Total aluminum concentrations were slightly elevated in 2012. 

Results for SW-5, which represents a very small flow, suggest only a very slight leachate impact 
relative to the SW-7 background data. 

 SW-12 
SW-12 is located near the park boundary in the southwest corner of the property, and is down 
gradient from the leachate lagoon. From 2006 to May 2015 it was sampled from Sandhill Creek 
and since June 2015, samples have been collected from the original location. Five samples were 
collected in 2019, as the site was dry in July 2019. 

TDS at SW-12 has ranged from 38 to 230 mg/L since the leachate collection ditches were 
commissioned in late 2004 (Figure B-2). TDS values for 2019 samples were all below 70 mg/L, 
with the exception of the 405 mg/L August sample, measured after the site was dry in July 2019 
(Table A-12). Chloride concentrations have a large seasonal variation, but are much lower than 
those measured in leachate, averaging 25 mg/L in 2019 (Figure B-4 and Table II). 

Ammonia concentrations at SW-12 are also typically low. Prior to 2015, the historical range was 
between <0.01 and 0.34 mg/L-N, with exceptions in instances from 2005-2007, and 2012 
(Figure B-6). Since 2015, concentrations have been consistently higher with exceedances 
occurring once in 2015 and 2018. Ammonia was only detected in one of the five 2019 samples, at 
a concentration of 0.06 mg/L-N, well below the FWAL 1.84 mg/L-N guideline (Table A-12). 

Nitrate concentrations at SW-12 ranged from 0.047 to 2.39 mg/L-N in 2019 (Table A-12). The 
June 2013 result of 9.96 mg/L-N is the only nitrate concentration that has exceeded the FWAL 
guideline of 3 mg/L-N at SW-12 (Figure B-8). This result is considered anomalous. 

Total iron concentrations at SW-12 up to May 2015 ranged between 0.19 and 2.9 mg/L, with 
approximately 10% of the results exceeding the current FWAL guideline (1 mg/L). Since 2015, total 
iron has chronically exceeded the FWAL guideline, up to the maximum concentration of 3.98 mg/L 
measured in August 2017. Of the five samples collected in 2019, only two exceeded the FWAL 
guideline, with a maximum value of 1.98 mg/L measured in December 2019 (Table A-12 and Figure 
B-16).  
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Total aluminum concentrations in 2019 ranged from 0.233 to 1.43 mg/L, and exceeded the 
dissolved FWAL guideline in all sampling events (Table A-12 and Figure B-14). This range is similar 
to the ones reported since 2016. The aluminum concentrations were historically similar to the 
background values, but like those at SW-11, they have increased relative to background values 
starting in 2015. 

Results for SW-12, which represents the south landfill impact on Sandhill Creek, suggest only a 
very slight leachate impact in relation to the SW-7 background data. Leakage from the leachate 
lagoon, and southward seepage from the landfill in general, are therefore interpreted to be minimal, 
indicating that leachate containment provided by Leachate Ditch #1 and the storage lagoon is 
effective. 

 SW-13 
Standing water inside the south fence line at SW-13 appears to originate from the truck wash area 
located directly to the north (Figure 1). It was sampled once in 2008 and twice in 2009 to check for 
leachate indicator parameters and metals. Ammonia, nitrate, TDS and chloride concentrations 
were all similar to background concentrations. Only total aluminum and iron, and one manganese 
result, exceeded FWAL guidelines one or more times.  

Due to no apparent effects and the stagnant occurrence of this water (no flow), SW-13 was not 
sampled again until February 2015, when flow across the south boundary was observed. As in 
earlier sampling, all leachate indicator concentrations were similar to background concentrations 
(Tables II and A-13). This water is now interpreted to originate from Drainage Ditch #2, which diverts 
non-contact runoff around the east side of the landfill (Figure 1). 

4.4 BACKGROUND CREEKS 
 SW-7 

SW-7 drains the northeastern portion of the landfill property and is separated from the landfill area 
by a surface water divide. It is included in the monitoring program to provide background water 
quality data for the site. It was sampled five times in 2019 as it was dry during the July sampling 
event. Alkalinity and hardness are typically low at SW-7, with the sampling record to date exhibiting 
a typical range of 4 to 69 mg/L as CaCO3 (Table A-7). Alkalinity and hardness values both ranged 
from 22 to 60 mg/L as CaCO3 in 2019. 

Water quality for SW-7 during 2019 was characterized by a TDS range between 58 and 130 mg/L 
(Figure B-2). Total sodium concentrations varied from 10.5 to 15.9 mg/L in 2019, and chloride 
concentrations ranged between 12.4 and 29.1 mg/L. Concentrations for sodium and chloride in 
recent years have consistently been higher than in 2012, and likely reflect the drier-than-average 
summers and autumns of recent years. Ammonia concentrations ranged between 0.05 and 
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1.48 mg/L-N in 2019, below the freshwater aquatic life (FWAL) guideline of 1.84 mg/L-N and within 
the envelope of historical data (Figure B-6). Corresponding nitrate concentrations ranged from 
<0.005 to 0.315 mg/L-N, remaining well below the FWAL guideline of 3 mg/L-N (Figure B-8). 

COD at SW-7 ranged between 14 and 39 mg/L in 2019 (Table A-7). The highest concentration 
recorded at this site to date was the 71 mg/L-O result for the June 2000 sample (Figure B-10). 

Prior to 2006, samples from SW-7 had pH typically ranging between 5 and 6.4. Both field and lab 
pH values have exhibited a slight increasing trend since 2006, with 2019 field and lab pH values 
averaging 6.5 and 7.0, respectively. Anomalously elevated field measurements compared to the 
lab measurements observed in 2018 were not repeated in 2019. Low pH is characteristic of peat 
bogs. 

Typically, BOD concentrations at SW-7 have remained close to or below the detection limits of 
10 mg/L-O (May 2000 to June 2010), 5 mg/L-O (December 2010 to December 2013), and 4 mg/L-O 
(2014 to present). A peak of 53 mg/L-O in February 2014 was followed by instances of slightly 
elevated concentration, while a peak that occurred in May 2016 (52 mg/L-O) was not. The peaks 
in BOD concentrations are likely due to organic matter upstream of the SW-7 sampling site that is 
being flushed out over time. BOD was not detected at SW-7 in 2019. 

Background metals concentrations have all been below the FWAL guidelines during 2019, with the 
following exceptions (Tables II and A-7): 

• Total aluminum is typically elevated at this background monitoring location, with 
concentrations chronically exceeding the dissolved aluminum FWAL guideline of 0.05 mg/L 
by a considerable margin (Figure B-14). In 2019, concentrations ranged from 0.167 to 
0.565 mg/L. 

• Total chromium slightly exceeded the 0.001 mg/L FWAL guideline at the August (0.0017 
mg/L) and October 2019 (0.0011 mg/L) sampling events. Concentrations have only 
exceeded the FWAL guideline at this site on four other occasions: June and August 2011, 
June 2014, and May 2016. 

• Total iron is typically below the FWAL guideline of 1 mg/L but peaks in the summer months. 
Three of five samples exceeded the guideline in 2019, in April (1.05 mg/L), August 
(6.34 mg/L) and October (1.15 mg/L). This site was dry during the August sampling event. 

• Total manganese concentrations varied from 0.083 to 0.73 mg/L in 2019, with the August 
sample exceeding the hardness-dependent FWAL guideline of 0.69 mg/L. Exceedances 
also occurred in samples collected in June 2011, June 2014, and the May and June 2016. 
The elevated manganese results occurred in tandem with other anomalously high metals 
results, and are attributed to low creek water levels and sediment in the samples. 

• Aside from one exceedance in July 2005 (0.07 μg/L), total mercury remained consistently 
below the 0.02 µg/L FWAL guideline until 2011, when the detection limit started to vary and 
was at 0.1 µg/L for many samples. All concentrations remained below the varying detection 
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 SHC East Tributary 
The SHC East Tributary site was added to the landfill monitoring program in 2018 and is intended 
to further characterize background chemistry during summer low flow periods in a tributary of 
Sandhill Creek that is unlikely to receive any effect from the landfill. It was dry in August 2018 and 
July 2019, but was sampled in October 2018 and August and October 2019 (Table A-15). In the 
three samples collected to date, the water quality was similar to that of the downstream Sandhill 
Creek and SW-7 sites. 

TDS, chloride, and alkalinity values were all lower than the other creek sampling sites, indicating a 
lower proportion of groundwater from marine clay is present in this upper reach of Sandhill Creek 
(Table A-15 and Figures B-2 and B-4). COD and BOD values and total metals concentrations were 
close to those measured in SW-7 (Figures B-10, B-12, B-14, B-16 and B-18). Exceedances of the 
FWAL guideline were limited to aluminum (all three samples), iron (1.12 mg/L in August) and 
mercury (0.03 µg/L). The iron exceedance occurred during a low flow period and may be associated 
with sediment in the water. It also may be partially attributable to background chemistry. The 
mercury exceedance is close to the 0.01 µg/L detection limit and 0.02 µg/L FWAL guideline, similar 
to the other mercury exceedances noted for 2019. 

Samples collected from the East Tributary of Sandhill Creek do not exhibit any landfill effect due to 
negligible concentrations of nitrate and ammonia (Table A-15) and low concentrations of chloride, 
TDS and Alkalinity. Metals exceedances at this site are associated with a combination of 
background chemistry, low flow during sampling leading to increased sample turbidity, and/or 
concentrations close to the detection limit and FWAL guideline. 

4.5 RECEIVING CREEKS 
 SW-10 Upstream 

Upstream SW-10 samples (SW-10US) are collected immediately upstream of a culvert that directs 
water under an old logging road (Figure 1). This location was sampled seven times since 2006, in 
November 2015, twice per year in 2016 and 2017, and once in 2018 (June) and 2019 (August). 
The creek has been noted to be dry in August from 2016 to 2018. The location where this Sandhill 
Creek tributary, mapped by McGill in 2001, meets the Sandhill Creek where SW-10 is sampled was 
not evident at the time of the SW-10 background sample collection in April 2015, so it is possible 
the creek is ephemeral. 

The samples collected since 2017 exhibit slightly elevated TDS, chloride, alkalinity, ammonia and 
nitrate relative to samples at SW-10 (Table A-10). Total aluminum exceeded the 0.05 mg/L 
dissolved aluminum FWAL guideline in 2019, consistent with results since 2015. The total iron 
result (1.09 mg/L) exceeded the 1.0 mg/L FWAL guideline and was the only other exceedance 
noted in 2019.  
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The leachate indicator chemistry results for the SW-10US samples show slight leachate impact, 
with a slight improvement compared to SW-6 (Table II) which is situated upgradient (Figure 1). 

 SW-10 
Since prior to 2006, SW-10 samples have been collected upstream of where flow at SW-11 enters 
the Sandhill Creek tributary. In 2019, all ammonia results were non-detect except in March 
(0.18 mg/L-N) and October (0.04 mg/L-N) (Table A-10 and Figure B-6). Nitrate concentrations were 
slightly higher, ranging between 0.011 to 1.38 mg/L-N, but remained well below the 3 mg/L-N FWAL 
guideline (Figure B-8). 

Consistent with previous years, total aluminum at SW-10 exceeded the dissolved aluminum FWAL 
guideline for all sampling events in 2019 (Table III and A-10b). Exceedances also occurred for total 
chromium (0.0011 mg/L in August), total iron (1.33 mg/L in July), and total mercury (0.02 μg/L in 
July, 0.03 μg/L in October and 0.02 μg/L in December). Total copper exceedances in 2018 of the 
now superseded total copper guideline were not repeated in 2019. 

SW-10 chloride concentrations for the current reporting period ranged from 7.74 to 37.8 mg/L, with 
the highest concentration occurring in July, when the natural chemistry of groundwater discharge 
to the creek would have had a significant effect on surface water quality. Consistent with the 
historical record (Figure B-4), the elevated summer chloride concentrations are indicative of a 
summer drought condition, when groundwater will comprise a large proportion of the creek 
baseflow. 

 SW-1 
Sample site SW-1 is located downstream of the leachate irrigation area and the area of leachate 
discharge near SW-11. All significant leachate impacts should therefore be mixed into the creek 
flow at this site. 

Samples from this site have historically displayed chloride concentrations of up to 100 mg/L 
(Figure B-4). In 2019, chloride concentrations were mostly in the lower half of the historical range, 
with a peak value of 39.2 mg/L sampled in July (Table A-1). TDS concentrations ranged from 
60 mg/L in October to 162 mg/L in July in 2019, also in the lower portion of the historical range 
(Table A-1 and Figure B-2). Hardness ranged between 12 and 65 mg/L as CaCO3 during 2019, 
with the highest value occurring in July. Alkalinity ranged from 6 mg/L to 41 mg/L as CaCO3. 

Samples from SW-1 have historically had ammonia concentrations of up to 7.7 mg/L-N 
(Figure B-6). The maximum 2019 concentration (0.18 mg/L-N in March) was below the FWAL 
guideline (1.84 mg/L-N). The most recent ammonia exceedance was 6.3 mg/L-N in August 2015. 
Ammonia concentrations during low-flow periods are due partially to the effect of natural 
groundwater contributions to streamflow, as ammonia concentrations of about 5 mg/L-N have been 
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documented in the three drilled monitoring wells (see below). However, contributions from SW-11 
would also have been significant. 

Nitrate concentrations are typically low at SW-1. In 2019, they ranged from 0.035 to 1.47 mg/L-N 
(Table A-1), all below the FWAL guideline of 3 mg/L-N. The only time the SW-1 nitrate concentration 
exceeded the FWAL guideline was the 3.9 mg/L-N concentration recorded in August 2006 
(Figure B-8). 

COD concentrations at SW-1 varied between 13 and 44 mg/L-O in 2019, and were comparable 
with the background concentrations recorded at SW-7 (Figure B-10). BOD at this site ranged from 
<4 to 12 mg/L-O in 2019, with the detectable value occurring in July (Table A-1 and Figure B-12). 

Consistent with previous years and the SW-7 and East Sandhill Creek background locations, all 
total aluminum concentrations for SW-1 samples exceeded the 30-day mean FWAL dissolved 
aluminum guideline of 0.05 mg/L, indicating a background source (Figure B-14). Total aluminum 
ranged from 0.246 to 0.704 mg/L. The elevated aluminum concentrations are attributed to the low 
pH of the water in the natural peaty environment. 

Total iron typically exceeds the 1.0 mg/L FWAL guideline in summer, and this pattern continued in 
July and August 2019 (1.42 and 1.32 mg/L, respectively) (Table A-1). Total iron has exceeded the 
FWAL guideline of 1 mg/L a total of 23 times in the monitoring record, with the highest value of 
9.98 mg/L recorded in August 2010. Concentrations at SW-1 typically exceed the SW-10 
concentrations (Figure B-16), indicating the iron loading is entering the creek downstream of 
SW-10. Other than the peak concentration of 9.98 mg/L in 2010, which exceeds the 4.2 mg/L 
concentration measured at SW-11 on that day, and the 2019 exceedances when SW-11 was dry, 
an elevated iron concentration at SW-11 has accompanied all iron exceedances at SW-1.  

Elevated iron concentrations are attributed to flow from the drainage course sampled at SW-11, 
and to a very sluggish flow regime in the summer months. While the iron concentrations monitored 
at SW-11 appear to be high enough to account for most of the elevated iron concentrations at 
SW-1, there must also be considerable variability in the effect of background concentrations during 
periods of lower flow. This is indicated by the peak SW-1 concentrations measured in August 2010 
that exceed all other locations sampled on that date (Figure B-16), and the high iron concentration 
measured in August 2016, when the creek flow was the lowest observed over the past ten years of 
sampling. 

Manganese results have only exceeded the 0.83 mg/L hardness-dependent FWAL guideline on 
seven occasions throughout the monitoring record, with four of the exceedances and the highest 
result to date (10.3 mg/L) recorded in the summers of 2010 and 2011 (Figure B-18). Prior to 2010, 
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manganese concentrations were typically well below the FWAL guideline. SW-1 total manganese 
concentrations in the summers of 2010 and 2011 were greater than the background concentrations 
sampled at SW-7 and SW-10 on the same date and were also greater than the SW-11 
concentrations (Figure B-18). These elevated concentrations are therefore attributed to a natural, 
but undefined, source. Lesser exceedances were reported for the summers of 2014 and 2015, and 
recently in August 2018 (1.35 mg/L). All 2019 manganese concentrations were below 0.4 mg/L. 

Manganese concentrations are typically below the FWAL guidelines at this site, and the high values 
that exceeded the FWAL guideline in 2010 and 2011 appear to be anomalous in relation to other 
monitoring sites, indicating analytical or sampling error, or a background source. The recent 
manganese exceedances are attributable to seepage from SW-11 (Figure B-18). 

The 0.02 μg/L FWAL guideline for mercury was met or exceeded several times between 2014 and 
2019, including a 0.02 μg/L result in October (Table A-1). While exceedances are coincident with 
exceedances upstream at SW-10, which could suggest a source in the irrigation area, they are 
below the mercury concentrations measured in the leachate lagoon throughout the entire 
monitoring program since 2016. As all the mercury concentrations are very close to the laboratory 
detection limit (0.01 µg/L) and the FWAL of 0.02 µg/L, any actual impacts that are present are 
considered to be insignificant in relation to the FWAL. 

Total chromium concentrations have met or slightly exceeded the FWAL guideline of 0.001 mg/L 
in the summer samples of 2014, 2015, 2016 and 2019. The most recent exceedance was 
0.0011 mg/L in August 2019, identical to the concentration at SW-10 and lower than the 
0.0017 mg/L concentration measured at SW-7 (Table A-1). 

Copper concentrations in 2019 ranged from 0.0006 to 0.0016 mg/L, all below the now superseded 
0.002 mg/L FWAL guideline. The only copper exceedances measured at SW-1 since 2016 were in 
May (0.004 mg/L) and October (0.0024 mg/L) 2018. 

In June 2015, total selenium was measured at 0.004 mg/L, twice the FWAL guideline of 0.002 mg/L. 
The only other times the selenium guideline has been exceeded were when it was measured 
at 0.01 mg/L in October 2000 (considered an anomalous result) and at 0.0024 mg/L in June 2011. 
Total selenium results for 2019 were 0.0013 mg/L or less.  

VOC analyses were performed on the August and December samples from SW-1. All results were 
below the detection limits (Table A-16). 

Results for the creek sampling program do display a slight leachate impact in relation to the SW-7 
background data. The impact is manifested by slightly elevated chloride, ammonia, and nitrate 
concentrations, and iron and manganese concentrations during the summer months. The alkalinity 
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in the creek is also greater than values recorded at SW-7 during low flow periods, reflecting the 
contribution of natural groundwater to the SW-1 flow. Leachate impact is not considered to be 
significant in comparison to background water quality, especially considering the slightly brackish 
chemistry of the natural groundwater in the area. Elevated concentrations of iron and manganese 
have been measured in the summers since 2010, during periods of very low baseflow. There are 
no apparent increasing trends apparent in the data, but the high variability of the peak 
concentrations would make it difficult to identify any slight trends. 

 SHC (Sandhill Creek Upstream of Highway 4) 
The SHC site has been sampled since 2003. Data for the past three years are summarized in 
Table A-14. Chloride concentrations have been similar to those at SW-7 (background) during most 
of the year, but were elevated during low-flow periods in August, though not exceeding the FWAL 
guideline (Figure B-4). Since 2007, the August chloride concentrations at SHC have been higher 
than the chloride concentrations measured at SW-1 and SW-10 on the same date. The August 
results indicate that during dry baseflow conditions, the lower reaches of Sandhill Creek receive a 
greater component of groundwater from the marine clay than in the upper reaches. 

Total manganese concentrations at SHC have always been less than the FWAL guideline 
(Figure B-18). Total iron concentrations have often exceeded the 1 mg/L FWAL guideline in the 
summers since 2010, but the maximum concentration in 2019 (0.88 mg/L) remained below the 
guideline (Table A-14 and Figure B-16). The exceedances were slight and remain within the 
envelope of background chemistry for the area. Total aluminum concentrations have chronically 
exceeded the dissolved aluminum FWAL guideline at the background and receiving creek sites, 
and have demonstrated similar behaviour throughout the period of record. 

An ammonia concentration of 4.26 mg/L-N was measured at the SHC site in May 2018, exceeding 
the 1.84 mg/L-N FWAL guideline (Table A-16 and Figure B-6). As ammonia has never been 
measured above 0.5 mg/L-N at this site, and has not been measured above 0.03 mg/L-N at 
subsequent sampling events in 2018 or 2019, this result is considered anomalous. 

The chemistry at SHC is comparable to background surface water at SW-7 and SW-10, and does 
not exhibit any leachate effects.  

4.6 GROUNDWATER MONITORING WELLS 
Samples were only collected from the three groundwater monitoring wells (MW02-1, -2 and-3) 
during the October 29, 2003, and June 13, 2006 sampling events. The data are presented in Tables 
A-18a and A-18b. A brief summary of the groundwater chemistry is presented below. 

TDS concentrations ranged from 4370 mg/L at MW02-3 up to 7670 mg/L at MW02-1, and are well 
above all of the surface water monitoring data collected at the site to date. Chloride concentrations 
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also greatly exceeded those in surface water, with a range of 2610 to 4090 mg/L (MW02-3 and 
MW02-02, respectively). These levels are more than ten times the GCDWQ Aesthetic Objective 
(AO) of 250 mg/L, and are much higher than would be expected for even concentrated leachate at 
this site. 

Sulphate and dissolved sodium concentrations also exceeded the receiving water quality 
guidelines at the three groundwater monitoring wells. Sulphate concentrations ranged from 290 to 
778 mg/L, exceeding the FWAL guideline of 100 mg/L at all three locations. The highest 
concentrations, measured in the MW02-1 sample, also exceeded the GCDWQ AO of 500 mg/L. 
Dissolved sodium concentrations ranged between 1440 and 2010 mg/L, exceeding the AO of 
200 mg/L by a factor of 7 to 10. 

Ammonia concentration at the monitoring wells ranged from 3.1 to 6.4 mg/L-N and averaged about 
5 mg/L-N, which is less than typical concentrations recorded for the concentrated leachate 
sampling sites, but is still in excess of the FWAL guideline of approximately 1.84 mg/L-N. Dissolved 
iron concentrations in the groundwater samples did not exceed the FWAL guideline; however, total 
iron concentrations were above the FWAL guideline of 1 mg/L in two of the three monitoring wells 
with concentrations ranging from 0.58 to 1.65 mg/L. 

Both total and dissolved manganese concentrations were in compliance with the 1.9 mg/L FWAL 
guideline in all three wells. The maximum total and dissolved concentrations were 0.82 and 
0.67 mg/L, respectively. 

Both suites of samples collected from the monitoring wells, and field chemistry measurements for 
samples withdrawn from the three monitoring wells in 2003, 2004 and 2006, indicate that the 
chemistry is not changing significantly, and that the samples obtained from these wells are 
representative of formation (connate) water within the marine clay sediments. 

Overall, the chemistry of the groundwater samples collected from the monitoring wells is 
representative of a very low permeability marine sediment deposit, in which connate pore water 
has not been completely flushed out by meteoric waters. Groundwater quality within the marine 
clay deposit exhibits very high TDS, conductance, chloride, sodium, and sulphate concentrations, 
all interpreted to be residual from pore water derived from the marine depositional environment. 
Ammonia concentrations in the pore water also exceed the FWAL guideline of 1.84 mg/L-N by a 
factor of about 2.5. Due to residual connate water in the marine sediments, concentrations of many 
of the monitored parameters are higher in the natural groundwater than at the most heavily 
impacted surface water sampling locations, and therefore previous recommendations to 
discontinue groundwater monitoring and sampling remain unchanged. 
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Groundwater level and field chemistry parameter data measured since the wells were installed in 
2003 are included in previous reports (e.g., Piteau, 2015a). Water level data collected since 
April 2006 have not been affected by purging for sampling, so represent actual groundwater levels. 
Levels fluctuated over a range of about 0.35 m for the years 2008 through 2011. Water levels at 
the monitoring wells have not been included in the monitoring program since 2011.  
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5. OVERFLOW EVENTS 
Leachate lagoon overflow events typically occur at the West Coast Landfill after significant storm 
events in the winter months (October through April). During these events, water decants from the 
northwest corner of the lagoon through perforated overflow pipes (Figure 1). Overflow events were 
documented on an approximately annual frequency since the lagoon was commissioned in the fall 
of 2004, and were recorded three times in 2014. Following the 2014 overflow events, letters were 
prepared to summarize water quality results and provide sampling and flow monitoring 
recommendations (Piteau, 2014a, 2014b, 2015b, and 2015c). 

On February 17, 2015, Solinst Leveloggers were installed and programmed to record temperature 
and pressure at 15-minute intervals in the Sandhill Creek tributary at SW-1, the leachate lagoon, 
and on the lower of two overflow pipes from the leachate lagoon. The water level record in the 
creek, along with the spot flow measurements recorded since 2015, form a level-discharge 
relationship and thus a flow record at SW-1. The leachate lagoon logger records the response of 
the water level in the lagoon to precipitation events and the logger installed on the lower overflow 
pipe records the magnitude and duration of overflow events (Figure D-1). The leachate lagoon 
logger has not been downloaded since December 2015. 

As part of the pumping system repair in August 2018, an additional overflow culvert was installed 
to prevent flooding at the electrical panel that operates the leachate pumps. The invert of the new 
culvert was measured by the landfill operator to be 19 inches higher than the invert of the existing 
overflow culvert (J. Thomas, personal communication, January 22, 2019). The approximate 
location of this pipe is indicated on Figure 1. Based on the datalogger record, the additional overflow 
pipe does not appear to affect the estimates of overflow event duration. 

Leachate overflow events recorded by the logger in the overflow pipe ranged in duration from a 
couple hours to many days for 2015 through 2019 (Figure D-1). The duration of overflow events 
was reduced significantly in 2019, where the average duration was 13 hours compared to 
132 hours in 2018 and 92 hours in 2017. The reduction is likely due to repair of the pumping system 
in late 2018. Eleven events occurred from January to March 2019, and ranged from two to 40 hours 
long. The longest overflow event during this period was preceded by 59.5 mm of rain, followed by 
186.4 mm during the overflow event. Six overflow events occurred in November and December, 
ranging from 5 hours to 4 days. The longest event occurred after only 17 mm of rain, likely because 
the lagoon was at capacity prior to the event and the pumping system lacked capacity to remove 
the additional runoff. (Table D-1).  

Water quality results for overflow samples collected from the outlet of the storage lagoon (SW-3) 
between 2015 and 2018 are tabulated in Tables D-2 through D-4. The general chemistry of these 
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samples is diluted compared to the bimonthly samples from the leachate pond (Figure D-1), with 
the exceptions of total phosphorus, BOD and total aluminum, which are likely associated with high 
turbidity in the lagoon during periods of high precipitation. No samples were collected for overflow 
events in 2019. 

Water quality results from the SW-3 overflow event samples between 2015 and 2018 are compared 
against both the FWAL maximum guidelines and the 30-day average guidelines (Tables D-2 
through D-4). Most samples were collected during events that lasted four days or less and their 
results have been considered against the FWAL maximum guidelines, which protect aquatic life 
against short-term lethal effects. The 30-day average guidelines represent long-term, sub-lethal 
effects, and are only considered relevant for the extended leachate overflow events, such as the 
24-day November 2017 event. It should be noted that chromium and toluene are among the 
parameters for which only one standard has been developed, which likely represents a long-term 
exposure scenario. 

For the SW-3 overflow samples, total aluminum, chromium, and iron regularly exceed their 
respective maximum FWAL guidelines, by factors of about 20, 3, and 5 in 2018, the most recent 
year for which data are available. In previous years, total zinc had exceeded the maximum guideline 
by a factor of 3 (February 2017), and met the 30-day average guideline for the extended November 
2017 leachate event. The November 2017 sample also exceeded the 30-day average guideline for 
total copper by a factor of 1.3. No other parameters exceeded their respective FWAL guidelines.  

Samples were also collected from the leachate flow path SW-11 and receiving creek SW-1 during 
the overflow events in February and November 2017, and November 2018 concurrently with 
samples at SW-3 (Tables D-2 and D-3). The SW-1 and SW-11 overflow samples were generally 
diluted compared to SW-3, and SW-1 showed the lowest concentrations of the three sites. 
Concentration ratios between SW-3 and the receiving creek (SW-1) in 2018 averaged about 15. 
Parameters exceeding the maximum FWAL guidelines at SW-11 included total aluminum (7 to 13X 
the dissolved guideline value), total chromium (up to 2X guideline), and total iron (3X guideline), 
whereas at SW-1 only total aluminum chronically exceeded the maximum FWAL guideline (3 to 4X 
guideline). The February 2017 sample from SW-1 also exceeded the total chromium and total iron 
guidelines by up to double. 

SW-3 overflow samples submitted for VOC analysis have been non-detect for all analytes 
submitted, except toluene in November 2014 (0.00230 mg/L) and November 2017 (0.0009) (Piteau, 
2018 and Table D-4). These values exceeded the FWAL guideline by 4.6X and 1.8X, respectively. 
Overflow samples for VOC analysis were also submitted for SW-11 and SW-1 in 2018, and the 
results were all non-detectable.   
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6. CONCLUSIONS 
Overall, the 2019 monitoring data indicate a continuing slight leachate impact to receiving waters 
in the vicinity of the West Coast Landfill. There are no long-term increasing trends apparent that 
would suggest the effects of the landfill are increasing over time. 

6.1 LEACHATE COLLECTION SYSTEM 
Recent chloride and ammonia data for the concentrated leachate display a consistent seasonal 
variation with monthly precipitation and temperature. Chloride concentrations generally increase 
when precipitation decreases, due to the absence of surface runoff and the naturally brackish 
chemistry of the groundwater in the clay sediments that underlie the peat. Ammonia concentrations 
generally decrease when precipitation decreases, due to less leachate flushing and more residence 
time, and hence renovation, along seepage pathways.  

Monitoring results following commissioning of the leachate collection and irrigation system have 
characterized the strength of the collected leachate (SW-3) generated by the landfill, and it is very 
similar to that indicated by the perimeter sampling sites monitored prior to 2004. Concentrations in 
the leachate storage lagoon, which represent the mixed quality of all seepage and surface flows 
from the landfill, varied within the following ranges over the past three years: 

TDS 152 to 675 mg/L 
Alkalinity 93 to 484 mg/L as CaCO3 
Chloride 13 to 124 mg/L 
Ammonia 1.34 to 26.3 mg/L-N 
Nitrate <0.005 to 2.66 mg/L-N 
Total Iron 0.58 to 9.13 mg/L 
Total Manganese 0.149 to 2.73 mg/L 
Total Chromium <0.0005 to 0.0045 mg/L 

In 2019, the parameters that exceeded receiving water guidelines (FWAL) in the concentrated 
leachate were ammonia, total aluminum (dissolved aluminum guideline), chromium, iron, and 
manganese (Tables A-3 and III). Over the history of the monitoring program, chloride, nitrate, 
toluene, total copper, cadmium and zinc exceedances have also been recorded. 

6.2 IRRIGATION RECEIVING AREA 
Analysis results for sites SW-8 and SW-9, located on the overland flow pathway from the irrigation 
site towards Sandhill Creek, indicate that some renovation of leachate quality (e.g., nitrification and 
plant uptake of nutrients) does occur during the growing season, when temperatures are highest. 
Residual effects are summarized in Tables II and III. The monitoring record to date for these two 
sites demonstrates a consistent reduction in ammonia concentration relative to the leachate lagoon 
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(SW-3), indicating that the irrigation system mitigates ammonia impacts during the summer and 
early autumn months, when receiving water dilution is lowest and ammonia concentrations present 
the highest level of risk. 

The results of sampling events available for the SW-6 site indicate some slight but varying leachate 
impact at this site, apparently due to operation of the irrigation system. 

6.3 SOUTH AND SOUTHWEST BOUNDARIES 
Leachate effects for these areas are summarized in Tables II and III. 

The recent sampling results for SW-11, located in a natural gulley at the southwest corner of the 
site, exhibited a slight leachate impact. Ammonia concentrations were elevated from 2015 through 
2018, but all four 2019 results met the FWAL guideline. Chloride concentrations at SW-11 over the 
past few years have tracked the chloride trends in the leachate but at slightly lower concentrations; 
lower in the wet months and higher in the dry months. Monitoring results for SW-11 indicate that 
leachate seepage past or around Leachate Ditch #2 is not being directed to the leachate storage 
lagoon. The most significant effects are iron, manganese, and chromium, with iron and chromium 
concentrations chronically exceeding the FWAL guideline. Total manganese results were lower in 
2019 than in recent preceding years, due in part to the site being dry in the summer when results 
are typically highest. An EM survey conducted in this area in November 2009 identified a potential 
seepage pathway (Piteau, 2010). It is understood that work on Leachate Ditch #2 to mitigate 
seepage losses was completed in the summer of 2012. This may have had a slight effect, but it is 
difficult to assess with the available data. 

SW-12 was moved from the site located on Sandhill Creek downstream of SW-1, to its original 
location in the gulley south of the leachate storage lagoon in June 2015. The objective for this site 
is to confirm that containment provided by the leachate storage lagoon and Leachate Ditch #1 is 
adequate to mitigate leachate migration and impact across the south boundary of the site. Results 
indicate a slight leachate effect, with 2019 iron concentrations exceeding the FWAL guideline by 
up to 200% (December 2019). 

6.4 RECEIVING CREEK 
Monitoring results for the receiving water monitoring site (SW-1) indicated only very slight impact 
during the current reporting period. While several parameters exceeded FWAL guidelines on at 
least one occasion in 2019, the only parameter to chronically exceed FWAL guidelines was 
aluminum. Exceedances of chromium, copper, iron, manganese, and mercury were isolated or only 
slightly exceeded the FWAL guidelines. Based on data from SW-10 and SW-11, elevated aluminum 
and iron concentrations at SW-1 that sometimes occur during the summer months may be due to 
background chemistry (Table III) but could also include some effect from the landfill (Figures B-14 
and B-16). 
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Bioassay data for samples collected at SW-1 in 2007, 2008 and 2009 indicated >100% survival in 
the undiluted sample. The bioassay sampling program was discontinued in 2010 due to the difficulty 
in obtaining the large samples required, and the consistent non-toxic results from 2006 
through 2009. 

Although 2005 to 2019 impacts in Sandhill Creek have generally been within the allowable 
envelope defined by the FWAL guidelines, and/or typical background concentrations for the area, 
there have been some apparent changes to the water quality in Sandhill Creek over the water 
monitoring program. The most significant has been slight increases in ammonia and chloride, and 
the elevated iron and manganese observed in the summer samples since 2010. Data since 2014 
have also demonstrated a rising trend in total aluminum. The potential for ammonia concentrations 
to increase in the future presents the most significant risk. Recent summer increases in iron and 
manganese concentrations are also a concern, as noted below. 

The ammonia risk to Sandhill Creek was partially mitigated with the irrigation system that was fully 
commissioned prior to the 2005 reporting period. Chloride and ammonia concentrations in Sandhill 
Creek have not shown a significant increase in the past eight years. However, ammonia 
concentrations may increase gradually over time, as a function of the volume and age of waste that 
is contained in the landfill, and it is important the irrigation system continue be properly monitored 
and managed to optimize its performance. At this time, consideration should also be given to 
completing portions of the landfill, and constructing final cap, to reduce leachate quantity. 

The sources of the recent elevated iron and manganese concentrations at SW-1 include the loading 
discharged from the drainage course (SW-11), seepage from the irrigation system (SW-6), and 
natural base flow contributions during extreme low flow periods. Data collected since 2014 exhibits 
exceedances of the iron or manganese FWAL guidelines in the low-flow summer months, but it is 
difficult to determine the relative proportions attributable to the three sources indicated above. 
Quantification of the loading that enters Sandhill Creek along the SW-11 gulley, and additional 
background monitoring, would help to determine the relative importance of the various iron and 
manganese sources. Recommendations for obtaining this information are presented in Section 
7.2 and Section 7.3. 

Monitoring data for the Sandhill Creek site above Highway 4 (Station SHC) do not exhibit any 
indication of leachate impact in the lower reaches of the creek. While chloride concentrations 
measured in the lower flow period during summer appear to have risen slightly compared with other 
sampling sites, other indicators (ammonia, nitrate, iron and manganese) have remained 
consistently low. 
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7. RECOMMENDATIONS 
7.1 WATER SAMPLING PROGRAM 
The current water sampling program (Table I) should be continued through 2020 with the following 
recommendations: 

1. Samples can be collected on a quarterly basis instead of bi-monthly starting in 2020. Based on 
the twenty year data record at the West Coast Landfill, quarterly sampling will provide sufficient 
resolution to assess the landfill’s impacts to the receiving environment. 

2. Samples should be collected from all sites when there is sufficient water for sampling. Instances 
of insufficient quantity of water should be documented. When no flowing water is present at 
SW-8 and SW-9, these sites should be marked “dry” (Piteau, 2019b). 

3. Analysis for the full suite of metals should be continued at SW-11 until the pathway for leachate 
to reach this area has been fully remediated. 

4. As has been the practice since 2010, bioassay analysis for samples from SW-1 can be omitted 
unless leachate effects to Sandhill Creek are noted to change. 

5. As in 2019, the mid-summer leachate sample from SW-3 should be submitted for analysis of a 
broad range of potential contaminants including: LEPH, HEPH, polycyclic aromatic 
hydrocarbons, organophosphate pesticides, a GC-MS pesticide scan, chlorinated phenolics, 
non-chlorinated phenolics and nitro-phenolics. Samples collected from SW-3 during the mid-
summer sampling event should also be analyzed for per- and polyfluoroalkyl substances 
(PFAS). These are a group of chemicals used to provide water repellency that have been 
included in the Stage 10 and 11 amendments to the BC Contaminated Sites Regulation (CSR) 
in 2017, and added to the GCDWQ in 2018. Sampling precautions recommended in the 
“Guidance for the Assessment and Remediation of Per- and Polyfluoroalkyl Substances in 
British Columbia” (SLR, 2019) should be followed, including analysis of field and trip blanks. If 
any contaminants are detected at concentrations of concern, samples for those specific 
analytes should be collected again later in the year, and the monitoring program should be 
adjusted accordingly. 

6. Sampling recommendations from the 2019 field review should be followed, including the use of 
dedicated peristaltic tubing, calibration of the water quality meter before each sampling event 
for pH and electrical conductivity, rinsing the water quality meter probe with de-ionized water 
between samples, and permanent retention of field notes (Piteau, 2019b). 

7. A new composting facility will be constructed and located on the concrete trailer pad near the 
entrance of the landfill. When this facility commences operation, samples should be collected 
on a bi-monthly basis from composting facility discharge to the leachate collection ditch. 
Recommended parameters are shown in Table I. 

8. A new dissolved copper FWAL guideline was approved in August 2019 to replace the hardness-
dependent total copper guideline. The value of the guideline is dependent on sample pH, 
temperature, dissolved organic carbon (DOC), humic acid content (HA), alkalinity, and major 
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cation and anion concentrations. DOC and dissolved copper are not currently included in the 
sampling program, and HA is not yet an available laboratory test. It is recommended that 
dissolved copper and DOC be included in the 2020 program for the sites indicated on Table I. 
Samples for dissolved copper can be collected at the same time as samples for total copper, 
but only analysed where the total copper exceeds the calculated guideline. 

7.2 BACKGROUND SITES SAMPLING PROGRAM 
1. SW-7 sampling results indicate a possible landfill effect from the upper reaches of the 

catchment. A surface water flow divide originally interpreted here may not be present with the 
current landfill footprint and recent works in the irrigation system. Field reconnaissance is 
recommended to assess the grade and infrastructure in the northeast corner of the landfill, 
including the irrigation receiving area and the northeastern extent of Leachate Ditch #2. This 
assessment should be done during the winter to evaluate the current water management 
system in a wet condition. Any leachate excursions to the SW-7 drainage should be remediated, 
possibly with a berm and or the extension of Leachate Ditch #2. 

2. The elevated iron concentrations in Sandhill Creek in the dry summer months are likely due, at 
least in part, to natural background. SW-7 does provide some background data, but to further 
characterize background chemistry during summer low flow periods, the East Tributary of 
Sandhill Creek should be sampled in the June or August sampling events, where possible. If 
samples cannot be collected in June or August, a sample should be collected during the 
October sampling event. Recommended analysis parameters are listed in Table I. This should 
continue for at least one more annual summer event. 

7.3 FLOW GAUGING AT SW-1 AND SW-11 
3. The water level record and spot flow measurements at the SW-1 gauging station have been 

used to build a level-discharge relationship. The data loggers at SW-1 should be downloaded 
twice per year, and spot flow measurements when flow can be quantified should continue at 
least twice per year to verify the level-discharge relationship on an ongoing basis. Flow data at 
SW-1, together with flow data from the leachate collection system and at SW-11 can then be 
used to calculate loadings in the creek and relate those to leachate strengths and quantities. 

4. A flow gauging site should also be established on the drainage past SW-11 to facilitate 
calculation of concentrations/loadings past the SW-11 sampling point, and comparison to the 
concentrations/loadings at SW-1. A small weir should be constructed across the gulley, and a 
data logger and staff gauge installed to record levels. The staff gauge should be read every 
time a sample is collected from SW-11, and the data logger should be downloaded twice per 
year. This flow monitoring will provide some indication of whether the SW-11 drainage course 
is the primary source of the iron at SW-1. If the flow at SW-11 is determined to be a significant 
source of the iron at SW-1, further measures to mitigate leachate losses along this pathway 
could include diverting this flow into the leachate storage lagoon by pumping during low-flow 
periods. 

5. The recommendation to monitor flows at SW-11 could be pre-empted if the flow is diverted to 
the leachate lagoon. A cut and fill sump/berm could be constructed across the SW-11 channel 
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to impound the water, and a sump pump could be installed to relay any flow to the leachate 
lagoon. A cumulative flow meter on the sump pump would document the volume of flow 
diverted. 

7.4 OPERATIONAL PUMPING AND MONITORING 
1. A cumulative flow meter should be installed on the leachate irrigation system to measure flows 

from the leachate lagoon during normal operation. Readings should be recorded monthly.  

2. The logger that was last downloaded from the leachate storage lagoon in December 2015 
should be reinstalled adjacent to the newly-constructed dock. It should be attached to a stake 
driven into the base of the leachate storage lagoon so that it can be accessed when water levels 
are both high and low. Work should be completed when water levels are low. Alternatively, if a 
SCADA system is installed on the leachate pump, it should record both water levels and flow. 

7.5 OVERFLOW EVENT SAMPLING 
Water quality samples should continue to be collected from the leachate lagoon decant flow, SW-11 
and from the Sandhill Creek SW-1 site during overflow events. It would be preferable to collect the 
samples near the mid-point of the event. Samples from each location should be analyzed for the 
regular SW-1 sampling suite (Table I). A VOC scan at all sites is recommended for one overflow 
event in 2020. Two coolers, each with the required bottles for one sampling suite, should be kept 
on site for this program. If the decant event continues for more than week, a second suite of samples 
should be collected. Sample bottles and coolers should be restocked following each overflow event. 

7.6 PARTIAL CAPPING 
The frequency of overflow events documented since 2015 is a cause for concern. In addition, the 
very slight but apparent increase in some of the leachate concentrations should be addressed. As 
it is difficult to reduce the concentrations of metals and nutrients in the leachate, the only practicable 
method to reduce the contaminant loading that leachate conveys to Sandhill Creek would be to 
reduce leachate quantity. 

Partial capping of the landfill would allow diversion of runoff from some landfill areas away from the 
leachate lagoon. This would reduce the quantity of storm water that enters the leachate lagoon, and 
hence the frequency of overflow events. A partial cap would also reduce the total infiltration into the 
waste, in turn reducing leachate quantity. 

Planning should include evaluation of possible phasing options that will allow a portion of the final 
landfill to be capped within the next three to five years. If this is not possible, an interim cap should 
be considered for an inactive portion of the landfill. The goal of either approach should be to 
implement measures that would reduce leachate quantities and overflow events within the next 
three to five years.  
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8. LIMITATIONS

Piteau Associates Engineering Ltd. (Piteau) has exercised reasonable skill, care and diligence in

obtaining, reviewing, analyzing and interpreting the information acquired during this study, but

makes no guarantees or warranties, expressed or implied, as to the completeness of the

information contained in this report. Conclusions and recommendations provided in this report are

based on the information available at the time of this assessment.

ln preparing the recommendations contained herein, Piteau has relied on information and

interpretations provided by others. Piteau is not responsible for any errors or omissions in this

information. This report is comprised of text, figures, tables, and appendices, and all components

must be read and interpreted in the context of the whole report. The report has been prepared for

the sole use of the Alberni-Clayoquot Regional District and no representation of any kind is made

to any other party.

We trust this report adequately presents and discusses the leachate sampling data collected to

date. lf you wish to discuss the 2019 sampling results, please contact us.

Respectfully submitted,

PITEAU ASSOGIATES ENGINEERING LTD.

Simone Casu, E.l.T.

Junior Hydrogeologist

David Tiplady, P.Eng.

Vice President - Hydrogeology

PITEAU ASSOCIATES
Geotechnical and Water Management Consultants
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TABLE I

SUMMARY OF WEST COAST LANDFILL SAMPLING SITES AND ANALYTICAL SUITES - 2019 PROGRAM

Physical 

Parameters
Anions Nutrients Total Metals 

8 BOD COD 
Cu-d 

Assessment
VOC Scan

Detailed 

Analysis

temp, pH, 

conductance

pH, conductance, 

TDS, total 

hardness

alkalinity, chloride, 

sulphate

ammonia, nitrate, 

total phosphorus

ICP ICP/MS;  

FWAL detection 

limits

dissolved Cu, 

DOC

SW-1 Sandhill Creek near landfill x x x x x x x x (Note 5)

SW-2 West leachate collector ditch x x x x Al, Fe, Mn only x x

SW-3 Leachate storage lagoon x x x x x x x x x (Note 6)

SW-4 East leachate collector ditch x x x x Al, Fe, Mn only x x

SW-5 
2 South property line x x x x Al, Fe, Mn only

SW-6 
2 West property line x x x x Al, Fe, Mn only

SW-7 
2 Background at east property 

line
x x x x x x x x

SW-8 
2 Irrigation area x x x x Al, Fe, Mn only x x

SW-9 
2 Irrigation area x x x x Al, Fe, Mn only x x

SW-10 
3 Sandhill Creek upstream of 

landfill
x x x x x x x x

SW-11 West drainage at property line x x x x x x x x

SW-12
Sandhill Creek trib at south 

property line
x x x x Al, Fe, Mn only

SW-14 Composting facility
 8 x x x x x x x

Sandhill Creek d/s 
4 Sandhill Creek at Highway x x x x Al, Fe, Mn only

Sandhill Creek East 

Tributary 
7

East tributary to Sandhill Creek 

above Highway
x x x x x x x x

Notes: H:\Project\1576\Chem\2019\[Summary Tables.xlsm]TableI

1. Sites were sampled on a bimonthly basis in 2019 unless otherwise indicated. Quarterly sampling at all sites where water is present is recommended for 2020.

2. SW-5 has not been sampled since 2005 due to insufficient water. SW-6, SW-7, SW-11, and SW-12 were also not sampled when there was insufficient water.

4. Sandhill Creek d/s has not shown any impact to date. 

8. Bold text indicates new sites or parameters recommended for 2020.

7. New annual sampling location (summer only) as of 2018. Two samples were collected in 2019, in August and October. Upper tributary for Sandhill Creek recommended for at least one 

    more annual sampling session in June or August (Section 7.2).

6. Mid-summer sample for SW-3 was submitted for analysis of a broad spectrum of potential contaminants:  LEPH-HEPH, PAHs, Organophosphate pesticides, GC-MS pesticide scan, 

    Chlorinated Phenolics, Non-Chlorinated Phenolics and Nitro-Phenolics. Same suite, with the addition of PFAS (Standard List) is recommended for 2020 for mid-summer sample, and further sampling sessions 

    if any parameters are detected at significant concentrations.

5. VOC scans were completed for two sampling events in August and December 2019. VOC scans recommended at SW-1 for one winter (high flow) sampling event and one 

    summer (low flow) sampling event in 2020.

3. Six SW-10 samples were collected immediately upstream of where SW-11 enters Sandhill Creek in 2019. This is the location that has been sampled since approximately 2006. 

    One 2019 sample was collected at SW-10US, the site sampled from July 2005 through early 2006. One sample at SW-10US recommended for 2020. See locations on Fig. 1.

Site Site Location

Field 

Parameters

LABORATORY
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TABLE II

SUMMARY OF LEACHATE IMPACTS BASED ON MEAN 2019 CONCENTRATIONS

Laboratory 

Conductivity

Total 

Dissolved 

Solids

Chloride
Ammonia 

Nitrogen
Nitrate

Total 

Phosphorus
Sulphate

Total 

Hardness

Total 

Aluminum

Total 

Copper
Total Iron

Total 

Manganese

Chemical 

Oxygen 

Demand

(µS/cm) (mg/L) (mg/L) (mg/L-N) (mg/L-N) (mg/L) (mg/L)
(mg/L 

CaCO3)
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

FWAL GUIDELINE - - 150 1.84 3 - 128 - 0.05
 4

0.002 
5 1 0.69 -

LEACHATE COLLECTION SYSTEM

SW-2 6 1282 682 81 29.1 5.4 0.03 9.4 404 0.1 - 2.8 1.9 70

SW-3 6 820 451 57 13.6 0.8 0.18 17.6 264 0.4 0.0030 3.8 1.0 86

SW-4 6 1353 690 85 36.3 2.1 0.07 10.9 416 0.3 - 16.2 2.5 104

LEACHATE IRRIGATION RECEIVING AREA AND WEST LANDFILL BOUNDARY

SW-6 5 447 255 38 <1.35 2.5 0.02 17.8 145 0.3 - 0.6 0.12 -

SW-8 6 508 295 40 3.5 0.7 0.02 22.5 168 0.2 - 2.0 1.3 <42.57

SW-9 6 531 323 42 <0.83 <1.8 0.05 41.3 187 0.3 - 0.9 1.0 47

SOUTHWEST AND SOUTH LANDFILL BOUNDARY

SW-5 0 - - - - - - - - - - - - -

SW-11 4 150 96 23 0.1 0.2 0.03 6.3 36 1.2 0.0027 3.1 0.2 31

SW-12 5 204 129 25 <0.02 0.5 0.02 8.8 59 0.9 - 1.2 0.0 -

BACKGROUND CREEKS

SHC East Tributary 2 53 59 10 <0.03 <0.01 0.01 1.9 8 0.4 0.0012 0.8 0.02 46.5

SW-7 5 143 87 19 0.6 <0.11 0.02 1.9 37 0.4 0.0012 2.1 0.3 27.4

RECEIVING CREEKS

SW-10US 1 234 140 35 0.07 0.08 0.01 16.0 58 0.1 0.0010 1.1 0.1 21.0

SW-10 6 144 98 23 <0.04 0.4 0.02 4.5 34 0.3 <0.0011 0.6 0.05 31.8

SW-1 6 153 102 23 <0.07 0.5 0.02 7.2 38 0.4 <0.0012 0.7 0.1 28.9

SHC 6 118 83 27 <0.01 0.1 0.01 3.0 19 0.3 - 0.5 0.02 -

H:\Project\1576\Chem\2019\[Summary Tables.xlsm]TableII

NOTES: 

1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.

    Available: http://www.env.gov.bc.ca/wat/wq/wq_guidelines.html#approved.  Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL").

    Lowest guidelines are shown.
2. Bolding denotes parameters which exceed water quality criteria.

3.  "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.

4. FWAL guideline is for dissolved aluminum.

5. Lowest value of 2017 hardness-dependent BC FWAL total copper standard. Replaced in August 2019 by dissolved copper guideline dependent on sample pH, temperature, DOC, Humic Acid, Alkalinity and major 

   cation chemistry.
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TABLE III

SUMMARY OF 2019 EXCEEDANCES OF BC FWAL GUIDELINES

N
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M
e
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Leachate Collection System

SW-2 6

SW-3 6

SW-4 6

Leachate Irrigation Receiving Area and West Landfill Boundary

SW-6 5

SW-8 6

SW-9 6

Southwest and South Landfill Boundary

SW-5 
2

0

SW-11 4

SW-12 5

Background Creeks

SHC East Tributary 
3

2

SW-7 5

Receiving Creeks

SW-10US 
4

1

SW-10 6

SW-1 6

SHC 6

\\hera\project\Project\1576\Chem\2019\[Summary Tables.xlsm]TableIII

Notes:

2. SW-5 was dry in 2019, so was not sampled.

3. Samples were collected at SHC Tributary in August and October 2019.

4. Sample was collected at SW-10US in August 2019.

5. Total aluminum compared against dissolved aluminum guideline.

6. Total copper compared against superceded total copper guideline.

1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental 

    Protection Division, BC Ministry of Environment. Guidelines for the Protection of Fresh-Water 

    Aquatic Life ("FWAL").

    Available: http://www.env.gov.bc.ca/wat/wq/wq_guidelines.html#approved.

No shading indicates all sampling results were below 

the FWAL guideline

Sampling Location

Orange shaded cells show sampling location has one 

or more exceedances of the BC FWAL for the 

parameter indicated

Grey shaded cells show sampling location was not 

analyzed for the parameter indicated

Anions and 

Nutrients
Total Metals

PITEAU ASSOCIATES 
Geotechnical and Water Management Consultants



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURES 

 

 

 
  





 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX A 
MONITORING DATA TABLES 

  



 

 

APPENDIX A 

LIST OF TABLES 

Table A-1 Water Chemistry Data Summary for Surface Water Sampling Site SW-1 

Table A-2 Water Chemistry Data Summary for Surface Water Sampling Site SW-2 

Table A-3 Water Chemistry Data Summary for Surface Water Sampling Site SW-3 

Table A-4 Water Chemistry Data Summary for Surface Water Sampling Site SW-4 

Table A-5 Water Chemistry Data Summary for Surface Water Sampling Site SW-5 

Table A-6 Water Chemistry Data Summary for Surface Water Sampling Site SW-6 

Table A-7 Water Chemistry Data Summary for Surface Water Sampling Site SW-7 

Table A-8 Water Chemistry Data Summary for Surface Water Sampling Site SW-8 

Table A-9 Water Chemistry Data Summary for Surface Water Sampling Site SW-9 

Table A-10 Water Chemistry Data Summary for Surface Water Sampling Site SW-10 and SW-
10US 

Table A-11 Water Chemistry Data Summary for Surface Water Sampling Site SW-11 

Table A-12 Water Chemistry Data Summary for Surface Water Sampling Site SW-12 

Table A-13 Water Chemistry Data Summary for Surface Water Sampling Site SW-13 

Table A-14 Water Chemistry Data Summary for Sandhill Creek Sampling Site 

Table A-15 Water Chemistry Data Summary for Sandhill Creek East Tributary 

Table A-16 Surface Water Chemistry Data Summary for VOCs 

Table A-17 Summary of Potential Contaminants in Surface Water at SW-3 

Table A-18a Water Chemistry Data Summary for Monitoring Wells 

Table A-18b Metal Monitoring Data Summary for Monitoring Wells  



RECEIVING 

WATER 

CRITERIA

AQUATIC 

LIFE

(FWAL)
1

24-Feb-17 24-Apr-17 19-Jun-17 22-Aug-17 17-Oct-17 18-Dec-17 15-Feb-18 3-May-18 26-Jun-18 21-Aug-18 16-Oct-18 14-Dec-18 4-Mar-19 30-Apr-19 3-Jul-19 27-Aug-19 22-Oct-19 11-Dec-19

PHYSICAL TESTS

pH - Field pH - 0 7.98 - 8.03 7.24 7.22 7.68 8.24 8.89 8.02 8.01 5.71 8.32 8.01 - 8.58 6.77 7.27

pH - Lab pH - 7.05 6.69 6.35 6.8 5.35 6.73 6.62 6.66 6.17 7.25 6.68 6.14 7.15 7.15 7.08 6.76 6.19 6.77

Conductivity - Field μS/cm - 127 45 - 186 36 65 52 68 112 263 98 34 86 107 - 121 37 83

Conductivity - Lab μS/cm - 220 76 105 224 50 101 84 94 132 309 140 49 153 170 253 158 53 128

Total Hardness (CaCO3) mg/L - 73 21 25 52 12 26 18 19 29 69 31 12 38 43 65 36 12 33

Total Dissolved Solids mg/L - 115 70 82 130 92 82 25 60 88 210 92 45 88 95 162 122 60 102

Temperature - Field °C - 3.7 8.0 - 14.1 10.4 6.6 5.0 8.6 11.4 14.4 7.6 7.8 3.0 7.2 - 14.2 10.2 7.1

DISSOLVED ANIONS

Alkalinity - Total mg/L CaCO3 - 64 18 29 36 2 29 17 13 20 58 18 6 33 41 34 15 6 27

Chloride mg/L 150 21.2 9.33 15.4 33.8 6.92 10.2 11.6 16 25.4 56.9 24.5 6.65 22.5 22.5 39.2 29.6 7.72 17.3

Sulphate 
4

mg/L 218 7.2 1.5 2.9 17.7 3.4 3 2.6 3.2 4.1 2.3 7.3 2.3 4.1 4.5 22.0 9.7 1.7 4.2

TOTAL CATIONS

Calcium mg/L - 23 5.83 6.72 13.8 2.98 7.52 4.65 4.6 6.99 17.9 7.62 3.17 10.4 12.1 17.5 8.57 3.11 9.28

Magnesium mg/L - 3.8 1.5 1.98 4.21 1.09 1.71 1.6 1.81 2.72 5.82 2.83 0.91 2.98 3.22 5.17 3.43 1.07 2.39

Potassium mg/L - 2.7 1 1 2 0.8 1.5 0.8 0.8 1.1 2.9 1.3 0.7 1.4 1.9 2.4 1.3 0.6 1.4

Sodium mg/L - 14.7 7.3 10.7 19.8 4.9 9.1 8.3 10 14.8 29.2 15 5 14.1 16.1 22.2 16.5 5.7 11.3

NUTRIENTS

Ammonia Nitrogen mg/L as N 1.84 0.53 0.06 0.03 0.14 0.06 0.85 0.28 0.09 <0.01 0.15 <0.01 <0.01 0.18 <0.01 0.04 0.02 0.04 <0.01

Nitrate Nitrogen mg/L as N 3.0 1.66 0.305 0.682 0.27 0.249 0.397 0.153 0.121 0.37 0.096 0.054 0.195 0.576 0.35 0.05 0.035 0.151 1.47

Total Phosphorus mg/L as P - 0.009 0.01 0.013 0.038 0.034 0.014 0.012 0.011 0.01 0.047 0.014 0.011 0.009 0.013 0.034 0.028 0.014 0.009

POLLUTANT TESTS

Chemical Oxygen Demand mg/L as O - 31 25 30 22 78 42 26 <10 <10 49 31 33 20 13 35 42 44 30

Biochemical Oxygen Demand mg/L as O - <4 <4 <4 <4 <4 <4 16 <4 <4 7 <4 <4 <4 <4 12 <4 <4 <4

TOTAL METALS

Aluminum 
5

mg/L 0.05 0.194 0.336 0.343 0.341 0.516 0.372 0.331 0.449 0.437 0.331 0.31 0.389 0.267 0.256 0.246 0.704 0.374 0.398

Arsenic mg/L 0.005 0.0002 0.0001 0.0001 0.0002 0.0002 0.0002 0.0001 0.0001 0.0003 0.0014 0.0002 0.0001 0.0002 0.0002 0.0007 0.0004 0.0001 0.0002

Barium mg/L 1.0 0.0084 0.0041 0.0051 0.0107 0.0044 0.0072 0.0044 0.0051 0.0067 0.0107 0.0071 0.0033 0.0063 0.0073 0.01 0.0086 0.003 0.0066

Boron mg/L 1.2 0.103 0.041 0.05 0.155 0.024 0.051 0.03 0.034 0.051 0.131 0.066 0.021 0.043 0.068 0.094 0.076 0.029 0.068

Cadmium 
4

mg/L 0.00011 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00001 <0.00001 <0.00001 <0.00001

Chromium mg/L 0.001 0.0006 0.0005 0.0006 0.0007 0.0007 0.0007 0.0006 0.0006 0.0008 0.0009 0.0006 0.0006 <0.0005 0.0005 0.0007 0.0011 <0.0005 0.0006

Copper 
4

mg/L 0.0016 0.0009 0.0006 0.0008 0.0011 0.0015 0.0012 0.0007 0.004 0.001 0.0015 0.0024 0.0015 <0.0005 0.0019 0.0015 0.0018 0.0009 0.0012

Iron mg/L 1 0.29 0.4 0.49 1.57 0.43 0.47 0.44 0.43 0.77 2.49 0.49 0.42 0.4 0.42 1.42 1.32 0.37 0.45

Lead 
4

mg/L 0.004 0.00006 0.0001 0.00011 0.00012 0.00024 0.00016 0.00011 0.00011 0.00012 0.00014 0.0001 0.0001 0.00007 <0.00005 0.00012 0.00019 0.00012 0.00005

Manganese 
4

mg/L 0.78 0.013 0.021 0.015 0.401 0.023 0.099 0.102 0.022 0.052 1.35 0.031 0.01 0.02 0.018 0.322 0.083 0.01 0.013

Mercury µg/L 0.02 <0.01 <0.01 0.02 <0.01 0.02 0.03 <0.01 <0.01 0.02 0.02 <0.01 0.01 <0.01 <0.01 0.01 0.02 0.03 0.02

Nickel mg/L 0.025 0.001 0.0006 0.0006 0.0011 0.0005 0.0009 0.0006 0.0005 0.0007 0.0019 0.0008 <0.0005 0.0007 0.001 0.0012 0.001 0.0006 0.0008

Selenium mg/L 0.002 <0.0005 <0.0005 <0.0005 0.0009 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 0.0007 <0.0005 <0.0005

Zinc 
4

mg/L 0.0075 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

NOTES:   
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1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.

    Available: http://www.env.gov.bc.ca/wat/wq/wq_guidelines.html#approved.  Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL").  Lowest guidelines are shown (ie. Long term average if applicable).

2. Bolding denotes parameters which exceed water quality criteria.

3.  "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.

4. FWAL guideline for indicated parameter changes with hardness. Value shown appropriate for hardness of 40 mg/L-CaCO3. Cadmium guideline is for dissolved cadmium. Former total copper guideline shown as dissolved copper, DOC and HA were not measured.

5. FWAL guideline for indicated parameter changes with pH. The aluminum guideline is for dissolved aluminum.

SAMPLING DATE - CURRENT REPORTING PERIODSAMPLING DATE - PREVIOUS REPORTING PERIODS

TABLE A-1

WATER CHEMISTRY DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-1

PARAMETER units

PITEAU ASSOCIATES 

Geotechnical and Water Management Consultants



RECEIVING 

WATER 

CRITERIA

AQUATIC 

LIFE

(FWAL)
1

24-Feb-17 24-Apr-17 19-Jun-17 23-Aug-17 17-Oct-17 18-Dec-17 15-Feb-18 4-May-18 26-Jun-18 21-Aug-18 16-Oct-18 14-Dec-18 4-Mar-19 30-Apr-19 3-Jul-19 27-Aug-19 22-Oct-19 11-Dec-19

PHYSICAL TESTS

pH - Field pH - 7.35 7.32 - 7.03 6.5 6.54 7.16 6.88 7.36 8.1 7.39 7.93 6.9 6.93 - 7.11 6.75 6.6

pH - Lab pH - 7.35 8.18 7.61 7.93 7.7 7.73 7.69 7.79 7.57 7.74 7.74 7.42 7.72 7.67 7.95 8.15 7.77 7.73

Conductivity - Field μS/cm - 977 775 - 1693 596 597 610 1092 1211 1091 963 417 799 1068 - 1390 573 673

Conductivity - Lab μS/cm - 1450 1070 1250 2020 809 952 1020 1320 1400 1190 1250 617 1310 1360 1660 1440 793 1050
Total Hardness (CaCO3) mg/L - 447 294 376 579 260 279 318 418 439 342 367 206 411 443 489 454 272 336

Total Dissolved Solids mg/L - 702 428 645 1140 406 465 440 655 742 680 662 305 620 685 910 898 420 542

Temperature - Field °C - 8.4 17.7 - 17.7 12.5 7.0 5.5 17.9 17.3 20.0 14.2 9.1 6.9 16.0 - 17.3 12.0 7.8

DISSOLVED ANIONS

Alkalinity - Total mg/L CaCO3 - 659 431 554 780 294 408 449 584 613 472 528 254 567 603 635 513 341 450

Chloride mg/L 150 84.6 44.3 72.6 166 49.6 54.4 52.7 78 96.5 103 88.8 30.7 75.2 72.3 135 117 36.5 61.7
Sulphate 

4
mg/L 429 4.8 4.1 6.1 21.9 51.9 10.6 4.8 2.6 2.8 7.8 7.9 13.8 5.7 3.6 16.6 10.4 17.5 8.1

NUTRIENTS

Ammonia Nitrogen mg/L as N 1.84 33.9 22.4 24.8 35.9 13.8 21.9 24.7 30.5 31.2 19.7 30.5 13.6 30.5 34.9 40.6 19.8 16 22.3

Nitrate Nitrogen mg/L as N 3.0 1.28 0.642 3.1 <0.005 1.76 1.94 1.44 2.38 6.29 3.05 1.52 0.448 1.38 1.97 9.31 17.9 1.05 3.9

Total Phosphorus mg/L as P - 0.059 0.045 0.028 0.038 0.1 0.067 0.033 0.037 0.031 0.08 0.033 0.042 0.024 0.024 0.032 0.028 0.026 0.017

POLLUTANT TESTS

Chemical Oxygen Demand mg/L as O - 121 58 75 127 91 64 45 76 82 89 91 68 71 67 99 84 49 50

Biochemical Oxygen Demand mg/L as O - <4 <4 <4 18 17 7 4 19 16 17 <4 11 <4 <4 14 15 <4 <4

TOTAL METALS

Aluminum 
5

mg/L 0.05 0.2 0.431 0.148 0.085 0.279 0.241 0.132 0.046 0.316 0.099 0.156 1.32 0.067 0.079 0.063 0.121 0.078 0.1

Iron mg/L 1 24.6 8.21 1.71 0.66 1.43 5.97 4.96 4.56 3.17 5.96 6.43 6.6 8.09 3.96 1.73 0.82 0.99 0.37
Manganese 

4
mg/L 2.37 4.36 2.16 2.56 3.54 1.15 1.92 2.48 2.87 2.8 1.3 2.21 1.36 3 3.1 2.11 1.57 0.47 0.372
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NOTES: 

1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.

    Available: http://www.env.gov.bc.ca/wat/wq/wq_guidelines.html#approved.  Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL").  Lowest guidelines are shown (ie. Long term average if applicable).

2. Bolding denotes parameters which exceed water quality criteria.

3.  "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.

4. FWAL guideline for indicated parameter changes with hardness. Value shown appropriate for hardness of 400 mg/L-CaCO3.

5. FWAL guideline for indicated parameter changes with pH. The aluminum guideline is for dissolved aluminum.

TABLE A-2

WATER CHEMISTRY DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-2

PARAMETER units

SAMPLING DATE - PREVIOUS REPORTING PERIODS SAMPLING DATE - CURRENT REPORTING PERIOD

PITEAU ASSOCIATES 

Geotechnical and Water Management Consultants



RECEIVING 

WATER 

CRITERIA

AQUATIC 

LIFE

(FWAL)
1

24-Feb-17 24-Apr-17 19-Jun-17 22-Aug-17 17-Oct-17 18-Dec-17 15-Feb-18 4-May-18 26-Jun-18 21-Aug-18 16-Oct-18 14-Dec-18 4-Mar-19 30-Apr-19 3-Jul-19 27-Aug-19 22-Oct-19 11-Dec-19

PHYSICAL TESTS

pH - Field pH - 7.51 7.75 - 6.87 6.06 6.73 7.08 7.1 7.54 8.29 7.43 7.95 7.05 7.26 - 7.85 6.94 6.96

pH - Lab pH - 7.36 8.19 8.05 7.97 7.38 7.64 7.61 7.92 7.7 8.04 7.94 7.3 7.95 7.99 8.06 8.42 7.77 7.7

Conductivity - Field μS/cm - 493 564 - 1060 287 406 457 601 776 7.88 791 360 722 866 - 753 323 554

Conductivity - Lab μS/cm - 788 709 759 1120 390 648 720 709 824 880 1050 543 1130 1030 1110 797 426 822

Total Hardness (CaCO3) mg/L - 287 225 262 312 146 218 226 239 275 270 323 184 378 332 294 271 150 275

Total Dissolved Solids mg/L - 372 334 410 652 173 322 292 352 445 515 555 295 558 538 675 490 222 418

Temperature - Field °C - 6.3 15.9 - 23.5 12.8 6.7 6.1 17.4 21.1 21.4 12.5 8.7 7.6 18.1 - 23.9 13.2 8.0

DISSOLVED ANIONS

Alkalinity - Total mg/L CaCO3 - 348 305 352 394 117 270 312 301 362 332 436 194 484 455 349 278 171 334

Chloride mg/L 150 40.8 32.8 45.4 115 22.9 36.2 33.9 37.1 47 80.2 68.7 26.2 66 56.8 124 65.5 21 47.9

Sulphate 
4

mg/L 429 15.2 10.8 13.7 24.2 37.4 13.8 7.9 11.1 17.8 9.1 11.2 31.6 10.0 8.5 31.1 31.9 13.2 15.4

TOTAL CATIONS

Calcium mg/L - 94.3 76.1 85.5 89.3 48 71.7 74.4 78.5 87.9 79.5 101 62.5 121 108 79.9 82.8 50.3 89

Magnesium mg/L - 12.5 8.59 11.8 21.7 6.38 9.39 9.85 10.5 13.5 17.4 17.1 6.85 18.5 15.2 22.9 15.7 5.84 12.8

Potassium mg/L - 13.1 10.8 13.8 24.7 7.3 10.8 11.5 10.9 14.2 17.3 17.3 9.2 18.7 18.1 31.9 16.1 7.5 13.5

Sodium mg/L - 38.7 31 43.9 96 19.7 32.3 32.2 35.4 50.1 65.2 64.5 23.7 62.8 57.8 112 59.7 19 44.9

NUTRIENTS

Ammonia Nitrogen mg/L as N 1.84 14.5 13.5 11.6 3.3 4.9 12.5 15 12.4 12 5.37 23 8.9 26.3 24.3 13.1 1.94 6.1 18.3

Nitrate Nitrogen mg/L as N 3.0 0.028 0.231 0.838 0.508 1.91 0.934 <0.005 1.34 2.66 2.62 0.546 0.068 0.56 0.268 0.39 2.1 0.688 1.13

Total Phosphorus mg/L as P - 0.039 0.045 0.063 0.062 0.095 0.044 0.101 0.021 0.017 0.056 0.029 0.105 0.27 0.091 0.67 0.078 0.049 0.036

POLLUTANT TESTS

Chemical Oxygen Demand mg/L as O - 79 98 87 98 46 55 46 42 45 63 69 118 178 73 137 64 53 44

Biochemical Oxygen Demand mg/L as O - 9 24 10 <4 8 6 11 <4 7 9 <4 35 25 5 19 <4 9 <4

TOTAL METALS

Aluminum 
5

mg/L 0.05 0.346 0.223 0.154 0.037 1.87 0.334 0.18 0.08 0.012 0.018 0.037 1.6 0.741 0.162 0.357 0.036 0.632 0.197

Arsenic mg/L 0.005 0.001 0.0008 0.0008 0.0011 0.001 0.0009 0.0011 0.0004 0.0007 0.0007 0.0007 0.0016 0.0014 0.0015 0.0021 0.0012 0.0008 0.0013

Barium mg/L 1.0 0.0558 0.0468 0.0466 0.06 0.038 0.0491 0.0494 0.0353 0.0349 0.0334 0.0505 0.0438 0.0666 0.0667 0.0606 0.044 0.0256 0.054

Boron mg/L 1.2 0.426 0.381 0.524 1.04 0.253 0.378 0.334 0.338 0.526 0.643 0.641 0.314 0.548 0.558 0.92 0.83 0.295 0.536

Cadmium 
4

mg/L 0.0004 <0.00001 <0.00001 <0.00001 <0.00001 0.00008 0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00016 0.00001 <0.00001 0.00002 0.00001 0.00002 <0.00001

Chromium mg/L 0.001 0.0017 0.0015 0.001 0.0007 0.0027 0.0015 0.0013 0.0006 <0.0005 <0.0005 0.0006 0.0036 0.0019 0.0012 0.0012 <0.0005 0.0014 0.0011

Copper 
4

mg/L 0.01 0.0021 0.0017 0.0034 0.002 0.0119 0.0034 0.0016 0.0015 0.0022 0.0015 0.0029 0.0064 0.0022 0.0015 0.0027 0.0015 0.0058 0.0035

Iron mg/L 1 7.1 3.77 1.82 0.66 4.29 4.28 9.13 1.79 0.58 0.96 1.87 6.63 7.75 6.84 1.83 0.97 1.83 5.37

Lead 
4

mg/L 0.014 0.00014 0.00012 0.00011 <0.00005 0.00111 0.00037 0.00021 0.00007 <0.00005 <0.00005 <0.00005 0.00116 0.00043 0.00006 0.00038 <0.00005 0.00045 0.00013

Manganese 
4

mg/L 1.71 2.73 1.59 1.21 0.363 0.49 1.41 1.71 1.09 0.583 0.235 1.27 1.22 2.42 1.87 0.49 0.149 0.382 1.07

Mercury µg/L 0.02 <0.01 <0.01 0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 0.01 <0.01 0.01 <0.01

Nickel mg/L 0.025 0.0046 0.0032 0.0033 0.0042 0.0048 0.0035 0.0028 0.0023 0.0029 0.0033 0.0031 0.0047 0.004 0.0036 0.0074 0.0047 0.0021 0.0031

Selenium mg/L 0.002 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 0.0006 <0.0005 0.0015

Zinc 
4

mg/L 0.1275 0.015 0.011 0.01 <0.005 0.041 0.014 0.006 <0.005 <0.005 <0.005 <0.005 0.068 0.016 <0.005 0.013 0.006 0.011 <0.005

NOTES: 
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1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.

    Available: http://www.env.gov.bc.ca/wat/wq/wq_guidelines.html#approved.  Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL").  Lowest guidelines are shown (ie. Long term average if applicable).

2. Bolding denotes parameters which exceed water quality criteria.

3.  "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.

4. FWAL guideline for indicated parameter changes with hardness. Value shown appropriate for hardness of 250 mg/L-CaCO3. Cadmium guideline is for dissolved cadmium. Former total copper guideline shown as dissolved copper, DOC and HA were not measured.

5. FWAL guideline for indicated parameter changes with pH. The aluminum guideline is for dissolved aluminum.

SAMPLING DATE - PREVIOUS REPORTING PERIODS SAMPLING DATE - CURRENT REPORTING PERIOD

TABLE A-3

WATER CHEMISTRY DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-3

PARAMETER units

PITEAU ASSOCIATES 

Geotechnical and Water Management Consultants



RECEIVING 

WATER 

CRITERIA

AQUATIC 

LIFE

(FWAL)
1

24-Feb-17 24-Apr-17 19-Jun-17 23-Aug-17 17-Oct-17 18-Dec-17 15-Feb-18 4-May-18 26-Jun-18 21-Aug-18 16-Oct-18 14-Dec-18 4-Mar-19 30-Apr-19 3-Jul-19 27-Aug-19 22-Oct-19 11-Dec-19

PHYSICAL TESTS

pH - Field pH - 7.35 7.42 - 7.2 6.29 6.67 7.08 6.99 7.34 7.8 7.29 7.82 7.05 7.22 - 6.81 6.74 6.66

pH - Lab pH - 7.35 7.59 7.47 7.59 7.44 7.46 7.55 7.7 7.51 7.73 7.76 7.1 7.72 7.64 7.77 8 7.38 7.53

Conductivity - Field μS/cm - 669 726 - 1238 434 503 608 803 1093 1575 938 397 867 1007 - 1204 677 782

Conductivity - Lab μS/cm - 1040 897 1270 1450 575 723 911 999 1250 1820 1280 587 1360 1260 1870 1660 883 1170

Total Hardness (CaCO3) mg/L - 351 310 434 450 219 244 308 353 385 483 382 208 431 388 514 488 314 382

Total Dissolved Solids mg/L - 510 502 745 742 267 345 398 480 618 895 652 338 675 608 938 912 488 592

Temperature - Field °C - 5.45 14.01 - 16.92 12.65 8.18 6.59 14.59 17.77 21.9 11.13 9.23 7.03 15.03 - 17.57 12.17 8.48

DISSOLVED ANIONS

Alkalinity - Total mg/L CaCO3 - 475 373 590 639 208 312 407 465 571 797 554 182 577 559 773 657 377 506

Chloride mg/L 150 43 38.6 57 82.2 24 34.3 36.7 41.9 69.5 126 73.6 33.2 81.6 75.6 137 123 42.9 68

Sulphate 
4

mg/L 429 26 22.2 5 23.1 56.4 21.9 13.3 9.5 14.1 11.7 22.1 46 11 9.4 15.9 12.2 10.5 7.5

NUTRIENTS

Ammonia Nitrogen mg/L as N 1.84 20.3 16.1 28.7 35.1 8.6 12.3 21.3 20 33.1 64.7 36 8.95 35.3 35.3 60.8 45.8 18.7 28

Nitrate Nitrogen mg/L as N 3.0 0.15 0.038 <0.005 <0.005 0.726 0.38 0.007 0.044 0.26 0.042 0.481 0.035 1.09 0.334 3.18 8.08 0.105 1.3

Total Phosphorus mg/L as P - 0.051 0.261 0.173 0.068 0.067 0.047 0.088 0.035 0.027 0.041 0.052 0.254 0.106 0.098 0.048 0.031 0.056 0.07

POLLUTANT TESTS

Chemical Oxygen Demand mg/L as O - 79 284 370 97 50 67 48 51 58 93 74 191 133 75 94 80 185 84

Biochemical Oxygen Demand mg/L as O - 8 131 184 <4 7 <4 5 <4 6 11 <4 67 37 5 21 25 71 7

TOTAL METALS

Aluminum 
5

mg/L 0.05 0.08 0.095 0.139 0.024 0.355 0.2 0.168 0.078 0.048 0.092 0.129 4.36 0.934 0.117 0.032 0.037 0.233 0.598

Iron mg/L 1 26.4 25.9 32.1 34.1 6.91 15.3 30.3 9.37 3.21 14 18.7 11.3 27.8 19.7 2.09 0.55 23.4 19.9

Manganese 
4

mg/L 2.37 2.83 2.08 3.19 2.31 0.8 1.52 2.3 2.44 1.74 1.99 2.37 1.57 2.9 2.61 2.42 1.94 2.48 2.64

NOTES: 
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1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.

    Available: http://www.env.gov.bc.ca/wat/wq/wq_guidelines.html#approved.  Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL"). Lowest guidelines are shown (ie. Long term average if applicable).

2. Bolding denotes parameters which exceed water quality criteria.

3.  "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.

4. FWAL guideline for indicated parameter changes with hardness. Value shown appropriate for hardness of 400 mg/L-CaCO3.

5. FWAL guideline for indicated parameter changes with pH. The aluminum guideline is for dissolved aluminum.

SAMPLING DATE - PREVIOUS REPORTING PERIODS SAMPLING DATE - CURRENT REPORTING PERIOD

TABLE A-4

WATER CHEMISTRY DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-4

PARAMETER units

PITEAU ASSOCIATES 

Geotechnical and Water Management Consultants



RECEIVING 

WATER 

CRITERIA

AQUATIC 

LIFE

(FWAL)
1

21-Feb-12 2-May-12 3-Jul-12 28-Aug-12 30-Oct-12 18-Dec-12

PHYSICAL TESTS

pH - Field pH - Not 6.78 10.21 Not Not Not Not Not Not Not

pH - Lab pH - Sampled 7.4 7.5 Sampled Sampled Sampled Sampled Sampled Sampled Sampled

Conductivity - Field μS/cm - 124 63

Conductivity - Lab μS/cm - 139 44

Total Hardness (CaCO3) mg/L - 52 14

Total Dissolved Solids mg/L - 106 40

Temperature - Field °C - 16.22 20.29

DISSOLVED ANIONS

Alkalinity - Total mg/L CaCO3 - - -

Chloride mg/L 150 - -

Sulphate 
4

mg/L 309 - -

NUTRIENTS

Ammonia Nitrogen mg/L as N 1.84 0.03 <0.01

Nitrate Nitrogen mg/L as N 3.0 - -

Total Phosphorus mg/L as P - 0.021 0.074

POLLUTANT TESTS

Chemical Oxygen Demand mg/L as O - - -

Biochemical Oxygen Demand mg/L as O - - -

TOTAL METALS

Aluminum 
5

mg/L 0.05 0.526 0.815

Iron mg/L 1 1.1 1.16

Manganese 
4

mg/L 1.05 0.108 0.025

NOTES: 
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1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.

    Available: http://www.env.gov.bc.ca/wat/wq/wq_guidelines.html#approved.  Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL").  Lowest guidelines are shown.

2. Bolding denotes parameters which exceed water quality criteria.

3.  "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.

4. FWAL guideline for indicated parameter changes with hardness. Value shown appropriate for hardness of 100 mg/L-CaCO3.

5. FWAL guideline for indicated parameter changes with pH. The aluminum guideline is for dissolved aluminum.

TABLE A-5

WATER CHEMISTRY DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-5

PARAMETER units

SAMPLING DATE - PREVIOUS REPORTING PERIODS
SAMPLING DATE - CURRENT REPORTING 

PERIOD

Not sampled since 2012

PITEAU ASSOCIATES 

Geotechnical and Water Management Consultants



RECEIVING 

WATER 

CRITERIA

AQUATIC 

LIFE

(FWAL)
1

24-Feb-17 24-Apr-17 19-Jun-17 23-Aug-17 17-Oct-17 18-Dec-17 15-Feb-18 4-May-18 26-Jun-18 21-Aug-18 16-Oct-18 14-Dec-18 4-Mar-19 30-Apr-19 3-Jul-19 27-Aug-19 22-Oct-19 11-Dec-19

PHYSICAL TESTS

pH - Field pH - 7.59 7.23 - Dry 6.6 6.77 7.22 7.83 8.25 Dry 7.64 6.64 7.37 6.91 Dry 7.69 6.42 -

pH - Lab pH - 7.68 7.78 7.25 6.45 7.51 7.63 7.47 7.12 7.55 7.32 7.73 7.6 7.95 7.46 7.49

Conductivity - Field μS/cm - 313 328 - 53 137 200 160 224 287 163 344 324 467 211 -

Conductivity - Lab μS/cm - 537 481 480 76 255 335 209 219 374 257 588 436 445 297 470

Total Hardness (CaCO3) mg/L - 189 178 163 22 80 117 67 68 114 90 195 145 132 98 155

Total Dissolved Solids mg/L - 275 259 290 64 152 160 122 148 230 150 300 240 275 168 290

Temperature - Field °C - 4.41 10.33 - 10.23 6.49 4.97 14.26 25.3 13.99 8.18 5.31 13.75 27.8 11.33 -

DISSOLVED ANIONS

Alkalinity - Total mg/L CaCO3 - 196 197 181 12 82 119 70 64 105 73 220 154 86 101 132

Chloride mg/L 150 34 26.1 36.6 8.9 19.1 20.7 17.9 23.3 42.9 19 46.1 35.7 47.2 22.2 40

Sulphate 
4

mg/L 309 14.3 2.6 6.4 5.1 9.5 7.2 7.3 9.8 12.9 14.5 4.5 6.8 57 8.8 12.1

NUTRIENTS

Ammonia Nitrogen mg/L as N 1.84 2.63 3.27 0.06 0.01 0.04 0.4 <0.01 <0.01 <0.01 0.22 4.84 1.11 <0.01 0.67 0.13

Nitrate Nitrogen mg/L as N 3.0 4.52 1.87 5.08 0.02 1.67 2.41 0.235 <0.005 1.21 1.99 1.65 1.28 0.375 1.32 7.77

Total Phosphorus mg/L as P - 0.018 0.018 0.016 0.035 0.017 0.024 0.014 0.01 0.011 0.012 0.013 0.015 0.019 0.015 0.013

TOTAL METALS

Aluminum 
5

mg/L 0.05 0.563 0.127 0.159 2.19 0.623 0.582 0.921 0.7 0.129 0.405 0.119 0.123 0.451 0.330 0.406

Iron mg/L 1 1.00 0.51 0.28 2.52 0.88 1.03 0.95 1.16 0.15 0.89 0.48 0.18 0.75 0.76 0.63

Manganese 
4

mg/L 1.05 0.068 0.355 0.069 0.017 0.042 0.074 0.108 0.096 0.013 0.005 0.316 0.069 0.104 0.006 0.11
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NOTES: 

1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.

    Available: http://www.env.gov.bc.ca/wat/wq/wq_guidelines.html#approved.  Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL"). Lowest guidelines are shown (ie. Long term average if applicable).

2. Bolding denotes parameters which exceed water quality criteria.

3.  "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.

4. FWAL guideline for indicated parameter changes with hardness. Value shown appropriate for hardness of 100 mg/L-CaCO3.

5. FWAL guideline for indicated parameter changes with pH. The aluminum guideline is for dissolved aluminum.

TABLE A-6

WATER CHEMISTRY DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-6

PARAMETER units

SAMPLING DATE - PREVIOUS REPORTING PERIODS SAMPLING DATE - CURRENT REPORTING PERIOD

PITEAU ASSOCIATES 

Geotechnical and Water Management Consultants



RECEIVING 

WATER 

CRITERIA

AQUATIC 

LIFE

(FWAL)
1

24-Feb-17 24-Apr-17 19-Jun-17 23-Aug-16 17-Oct-17 18-Dec-17 15-Feb-18 4-May-18 26-Jun-18 21-Aug-18 16-Oct-18 14-Dec-18 4-Mar-19 30-Apr-19 3-Jul-19 27-Aug-19 22-Oct-19 11-Dec-19

PHYSICAL TESTS

pH - Field pH - 7.35 6.84 - Dry 6.7 8.36 8.87 9.11 9.45 Dry 8.65 7.48 6.29 6.91 Dry 6.1 6.11 6.85

pH - Lab pH - 6.09 6.77 6.32 5.87 6.22 6.44 6.45 5.93 6.62 6.66 7 6.66 7.1 7.34 6.67

Conductivity - Field μS/cm - 65 54 - 38 37 160 56 113 97 67 84 71 139 113 92

Conductivity - Lab μS/cm - 77 68 82 48 54 86 73 108 125 75 144 104 167 163 137

Total Hardness (CaCO3) mg/L - 18 16 16 10 12 19 16 25 26 20 36 24 40 51 34

Total Dissolved Solids mg/L - 42 30 60 34 52 15 52 78 85 60 70 58 130 100 75

Temperature - Field °C - 4.07 8.34 - 11.39 6.83 5.11 9.37 12.41 7.48 8.04 3.61 8.73 15.43 10.95 7.4

DISSOLVED ANIONS

Alkalinity - Total mg/L CaCO3 - 16 15 26 4 10 17 16 26 23 17 35 22 36 60 40

Chloride mg/L 150 11.4 7.46 10.6 6.23 7.33 10.2 11.2 16.5 22.1 7.7 19.6 15.4 29.1 12.4 16.7

Sulphate 
4

mg/L 128 1.2 0.9 1.2 2.7 1.8 1.7 1.0 2.8 1.0 3.0 1.1 0.8 0.9 4.0 2.5

TOTAL CATIONS

Calcium mg/L - 4.41 4.53 4.02 2.51 3 4.98 3.8 6.16 6.73 6.01 9.88 6.19 10.7 16 9.73

Magnesium mg/L - 1.74 1.19 1.48 0.82 1.03 1.66 1.49 2.27 2.34 1.27 2.65 1.99 3.22 2.6 2.33

Potassium mg/L - 0.7 0.9 0.7 0.7 0.6 0.9 0.7 0.8 1.1 1.2 1.6 1 1.1 2.6 1.6

Sodium mg/L - 8.1 7.7 7.9 4.4 6 8.2 8 11.3 11.7 6.3 13.1 10.5 15.9 10.9 11.5

NUTRIENTS

Ammonia Nitrogen mg/L as N 1.84 0.12 <0.01 0.03 0.09 0.02 0.01 <0.01 <0.01 <0.01 0.35 0.73 0.41 0.05 1.48 0.48

Nitrate Nitrogen mg/L as N 3.0 0.044 0.117 0.097 0.367 0.116 0.193 0.024 <0.005 <0.005 0.118 0.123 0.026 <0.005 0.074 0.315

Total Phosphorus mg/L as P - 0.012 0.013 0.017 0.035 0.012 0.01 0.012 0.011 0.016 0.011 0.012 0.016 0.027 0.017 0.008

POLLUTANT TESTS

Chemical Oxygen Demand mg/L as O - 29 14 26 49 29 18 21 <10 33 30 21 17 39 46 14

Biochemical Oxygen Demand mg/L as O - <4 <4 5 <4 <4 <4 15 <4 7 <4 <4 <4 <4 <4 <4

TOTAL METALS

Aluminum 
5

mg/L 0.05 0.42 0.447 0.445 0.667 0.614 0.347 0.384 0.365 0.297 0.56 0.157 0.261 0.565 0.549 0.333

Arsenic mg/L 0.005 0.0002 0.0001 0.0002 0.0002 0.0002 0.0001 0.0001 0.0006 0.0005 0.0002 0.0002 0.0002 0.0008 0.0004 <0.0001

Barium mg/L 1.0 0.0064 0.004 0.0056 0.004 0.004 0.0048 0.0038 0.0066 0.0062 0.0042 0.0057 0.0056 0.0084 0.0075 0.0071

Boron mg/L 1.2 0.037 0.033 0.052 0.037 0.035 0.04 0.03 0.066 0.084 0.041 0.053 0.052 0.13 0.118 0.099

Cadmium 
4

mg/L 0.00006 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00002 0.00001 <0.00001

Chromium mg/L 0.001 0.0006 0.0007 0.0008 0.0009 0.0011 0.0007 0.0005 0.0008 <0.0005 0.0009 <0.0005 0.0005 0.0017 0.0011 0.0008

Copper 
4

mg/L 0.002 0.001 0.0009 0.0023 0.0013 0.001 0.0017 0.0006 0.0009 0.0005 0.001 0.0006 0.0014 0.0012 0.0016 0.0011

Iron mg/L 1 0.76 0.56 0.79 0.43 0.68 0.64 0.95 3.34 2.32 0.78 0.99 1.05 6.34 1.15 0.8

Lead 
4

mg/L 0.0037 0.00013 0.00014 0.00014 0.00017 0.00021 0.00011 0.00009 0.00011 0.00009 0.00014 0.00005 <0.00005 0.00021 0.00016 <0.00005

Manganese 
4

mg/L 0.69 0.06 0.031 0.08 0.026 0.029 0.059 0.093 0.636 0.651 0.027 0.192 0.212 0.73 0.088 0.083

Mercury µg/L 0.02 <0.01 <0.01 0.02 0.01 0.02 <0.01 <0.01 0.02 0.01 0.01 <0.01 <0.01 0.02 0.02 <0.01

Nickel mg/L 0.025 0.0006 <0.0005 0.0007 <0.0005 0.0007 0.0006 <0.0005 0.001 0.001 0.0005 0.0005 0.0007 0.0009 0.0008 0.0008

Selenium mg/L 0.002 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 0.0013 <0.0005 <0.0005

Zinc 
4

mg/L 0.0075 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.007 0.006 <0.005 <0.005 <0.005

NOTES: 
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1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.

    Available: http://www.env.gov.bc.ca/wat/wq/wq_guidelines.html#approved.  Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL"). Lowest guidelines are shown (ie. Long term average if applicable).

2. Bolding denotes parameters which exceed water quality criteria.

3.  "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.

4. FWAL guideline for indicated parameter changes with hardness. Value shown appropriate for hardness of 20 mg/L-CaCO3. Cadmium guideline is for dissolved cadmium. Former total copper guideline shown as dissolved copper, DOC and HA were not measured.

5. FWAL guideline for indicated parameter changes with pH. The aluminum guideline is for dissolved aluminum.

SAMPLING DATE - PREVIOUS REPORTING PERIODS SAMPLING DATE - CURRENT REPORTING PERIOD

TABLE A-7

WATER CHEMISTRY DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-7

PARAMETER units

PITEAU ASSOCIATES 

Geotechnical and Water Management Consultants



RECEIVING 

WATER 

CRITERIA

AQUATIC 

LIFE

(FWAL)
1

24-Feb-17 17-May-16 23-Aug-17 23-Aug-16 18-Dec-17 15-Feb-18 4-May-18 26-Jun-18 21-Aug-18 16-Oct-18 14-Dec-18 4-Mar-19 30-Apr-19 3-Jul-19 27-Aug-19 22-Oct-19 11-Dec-19

PHYSICAL TESTS

pH - Field pH - 6.73 6.66 Dry 7.35 7.02 7.76 7.53 7.98 8.21 8.01 7.03 6.71 6.69 - 6.43 6.68 6.39

pH - Lab pH - 7.06 7.72 7.02 7.15 7.46 7.43 6.79 7.22 7.31 7.42 7.56 7.38 7.34 7.68 7.78 7.47

Conductivity - Field μS/cm - 110 284 112 120 176 208 210 330 211 242 276 71 - 395 343 352

Conductivity - Lab μS/cm - 177 412 124 196 299 247 244 372 310 372 472 466 612 464 488 567

Total Hardness (CaCO3) mg/L - 75 145 51 65 104 93 89 125 97 127 143 149 206 150 169 187

Total Dissolved Solids mg/L - 85 205 88 110 132 155 145 252 230 195 238 260 400 320 265 312

Temperature - Field °C - 5.79 10.55 10.78 6.59 4.74 16.55 17.7 17.35 10.2 8.31 5.2 11.12 - 18.37 11.2 6.93

DISSOLVED ANIONS

Alkalinity - Total mg/L CaCO3 - 66 174 33 50 92 96 98 99 94 130 174 178 105 139 197 196

Chloride mg/L 150 10.5 20.9 8.75 20.6 20.2 17.4 15.8 53.4 34.7 21.3 39.7 34.5 61.4 50.9 25.5 42.2

Sulphate 
4

mg/L 309 5.4 3.4 10.6 7.5 7.3 4.4 3.9 3.9 7.3 18.6 3.4 3.3 99.8 16.2 11.9 11.3

NUTRIENTS

Ammonia Nitrogen mg/L as N 1.84 0.03 4.19 0.7 0.05 <0.01 0.03 <0.01 0.02 0.38 4.46 3.81 2.83 0.75 0.51 6.1 4.5

Nitrate Nitrogen mg/L as N 3.0 0.097 0.355 0.048 1.02 3.8 0.008 0.013 0.017 0.005 0.348 0.208 0.019 0.13 0.009 0.288 4.17

Total Phosphorus mg/L as P - 0.039 0.027 0.108 0.04 0.038 0.024 0.014 0.028 0.02 0.032 0.017 0.027 0.029 0.032 0.022 0.011

POLLUTANT TESTS

Chemical Oxygen Demand mg/L as O - 51 41 92 28 46 86 <10 52 51 48 43 39 40 68 50 <10

Biochemical Oxygen Demand mg/L as O - 54 <4 <4 <4 <4 63 <4 <4 23 15 53 <4 12 19 7 <4

TOTAL METALS

Aluminum 
5

mg/L 0.05 0.863 0.279 2.7 1.55 1.02 1.03 1.34 0.749 0.551 0.271 0.086 0.354 0.18 0.173 0.134 0.077

Iron mg/L 1 2.02 0.79 3.77 3.11 1.49 1.87 1.39 0.94 1.25 1.54 2.27 2.21 1.02 5.1 1.38 0.54

Manganese 
4

mg/L 1.16 0.274 0.677 0.851 0.497 0.197 0.454 0.427 0.539 0.707 0.719 3.1 2.49 1.19 1.59 0.17 0.17

NOTES: 
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1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.

    Available: http://www.env.gov.bc.ca/wat/wq/wq_guidelines.html#approved.  Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL").  Lowest guidelines are shown (ie. Long term average if applicable).

2. Bolding denotes parameters which exceed water quality criteria.

3.  "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.

4. FWAL guideline for indicated parameter changes with hardness. Value shown appropriate for hardness of 125 mg/L-CaCO3.

5. FWAL guideline for indicated parameter changes with pH. The aluminum guideline is for dissolved aluminum.

TABLE A-8

WATER CHEMISTRY DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-8

PARAMETER units

SAMPLING DATE - PREVIOUS REPORTING PERIODS SAMPLING DATE - CURRENT REPORTING PERIOD

PITEAU ASSOCIATES 

Geotechnical and Water Management Consultants



RECEIVING 

WATER 

CRITERIA

AQUATIC 

LIFE

(FWAL)
1

24-Feb-17 24-Apr-17 19-Jun-17 23-Aug-17 17-Oct-17 18-Dec-17 15-Feb-18 4-May-18 26-Jun-18 21-Aug-18 16-Oct-18 14-Dec-18 4-Mar-19 30-Apr-19 3-Jul-19 27-Aug-19 22-Oct-19 11-Dec-19

PHYSICAL TESTS

pH - Field pH - 7.05 7.09 - Dry 7.14 6.75 7.56 Dry 7.94 Dry 7.98 7.06 6.59 6.53 - 6.23 6.47 6.27

pH - Lab pH - 7.81 7.88 7.59 7.52 7.47 7.75 7.09 7.29 7.5 7.75 7.7 7.76 7.85 7.74 7.58

Conductivity - Field μS/cm - 380 426 - 278 173 259 264 251 272 279 430 - 558 302 354

Conductivity - Lab μS/cm - 659 572 626 383 294 460 287 375 405 542 616 443 664 439 571

Total Hardness (CaCO3) mg/L - 219 207 216 123 98 168 110 113 145 196 228 147 251 156 186

Total Dissolved Solids mg/L - 315 288 362 256 168 200 182 195 228 295 335 292 450 248 340

Temperature - Field °C - 4.17 11.91 - 11.18 6.02 3.56 20.25 8.52 8.55 3.24 10.91 - 18.63 11.02 6.87

DISSOLVED ANIONS

Alkalinity - Total mg/L CaCO3 - 272 251 266 92 105 174 113 97 144 195 259 88 106 169 174

Chloride mg/L 150 36.9 28.5 42.9 29.6 21.9 25.7 17.9 42 22.6 44.8 38.4 46.6 47.4 25.4 45.1

Sulphate 
4

mg/L 309 14.7 2.3 2.8 44 9.7 7.3 9 21.6 18.1 4.5 2.8 54.2 145 15 13.5

NUTRIENTS

Ammonia Nitrogen mg/L as N 1.84 7.4 6.46 3.35 0.19 0.04 2.7 <0.01 0.02 2.81 0.78 3.84 <0.01 0.03 1.15 0.02

Nitrate Nitrogen mg/L as N 3.0 1.79 1.08 3.8 2.72 0.832 3.15 0.023 0.03 1.2 2.54 0.31 <0.005 <0.005 1.22 8.48

Total Phosphorus mg/L as P - 0.042 0.027 0.047 0.184 0.023 0.025 0.023 0.022 0.018 0.012 0.023 0.138 0.03 0.022 0.009

POLLUTANT TESTS

Chemical Oxygen Demand mg/L as O - 56 65 75 92 32 27 <10 39 31 31 41 73 43 38 31

Biochemical Oxygen Demand mg/L as O - 56 <4 66 8 5 28 <4 25 <4 <4 <4 9 <4 <10 <4

TOTAL METALS

Aluminum 
5

mg/L 0.05 0.545 0.103 0.35 2.46 0.563 0.185 0.931 0.177 0.137 0.039 0.063 0.81 0.323 0.17 0.112

Iron mg/L 1 2.25 0.76 1.64 7.81 1.18 0.77 2.13 0.26 0.58 0.1 0.66 2.33 1.12 0.85 0.16

Manganese 
4

mg/L 1.27 0.522 0.894 1.75 5.86 0.329 0.1 0.855 0.32 0.027 0.26 2.9 1.65 1.47 0.04 0.055

NOTES: 
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1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.

    Available: http://www.env.gov.bc.ca/wat/wq/wq_guidelines.html#approved.  Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL").  Lowest guidelines are shown (ie. Long term average if applicable).

2. Bolding denotes parameters which exceed water quality criteria.

3.  "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.

4. FWAL guideline for indicated parameter changes with hardness. Value shown appropriate for hardness of 150 mg/L-CaCO3.

5. FWAL guideline for indicated parameter changes with pH. The aluminum guideline is for dissolved aluminum.

TABLE A-9

WATER CHEMISTRY DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-9

PARAMETER units

SAMPLING DATE - PREVIOUS REPORTING PERIODS SAMPLING DATE - CURRENT REPORTING PERIOD

PITEAU ASSOCIATES 

Geotechnical and Water Management Consultants



SW-10 SW-10 SW-10 SW-10US SW-10 SW-10 SW-10 SW-10US SW-10 SW-10 SW-10 SW-10US SW-10 SW-10US SW-10 SW-10 SW-10 SW-10 SW-10 SW-10 SW-10US SW-10 SW-10

AQUATIC 

LIFE

(FWAL)
1

24-Feb-17 24-Apr-17 19-Jun-17 19-Jun-17 23-Aug-17 17-Oct-17 18-Dec-17 18-Dec-17 15-Feb-18 4-May-18 26-Jun-18 26-Jun-18 21-Aug-18 21-Aug-18 16-Oct-18 14-Dec-18 4-Mar-19 30-Apr-19 3-Jul-19 27-Aug-19 27-Aug-19 22-Oct-19 11-Dec-19

PHYSICAL TESTS

pH - Field pH - 8.13 8.02 - - 7.76 6.77 7.38 7.33 7.73 8.11 8.56 8.69 8.14 Dry 7.98 5.74 7.66 7.57 - 7.81 7.96 6.35 7.01

pH - Lab pH - 7.1 6.63 6.44 6.74 6.8 4.76 5.66 6.5 6.14 6.46 5.78 6.2 6.54 6.7 6.02 7.13 7.14 7.03 6.81 6.94 6.33 6.74

Conductivity - Field μS/cm - 132 58 - - 164 31 24 45 40 60 74 107 108 93 34 98 111 - 114 178 39 87

Conductivity - Lab μS/cm - 226 79 106 243 203 43 62 75 64 78 101 137 148 136 46 151 171 207 155 234 54 124

Total Hardness (CaCO3) mg/L - 74 20 24 71 49 9 9 17 11 14 17 30 28 28 10 38 42 48 34 58 12 31

Total Dissolved Solids mg/L - 120 45 88 140 105 62 55 55 <5 52 70 98 128 90 42 85 102 135 115 140 62 88

Temperature - Field °C - 3.62 8.54 - - 13.64 10.35 6.57 7.56 4.82 8.73 11.11 10.86 12.84 7.25 7.9 3.27 8.06 - 13.15 14.01 10.32 7.14

DISSOLVED ANIONS

Alkalinity - Total mg/L CaCO3 - 68 21 30 80 30 <1 4 15 7 9 7 25 12 23 6 35 42 33 16 46 7 26

Chloride mg/L 150 21.3 9.32 15 24.5 29.7 6.21 6.65 8.92 10.7 15.1 22.7 23.1 36.4 24.2 6.49 22.2 22.8 37.8 29.4 34.6 7.74 17

Sulphate 
4

mg/L 128 7.2 1.4 2.9 7 18.4 2.2 1.5 3.1 2.4 3 3.8 5.1 1.4 7 2.1 4 4.6 3.9 9.2 16.0 1.7 3.7

TOTAL CATIONS

Calcium mg/L - 23.4 5.64 6.33 21.3 12.9 1.94 2.35 4.47 2.36 2.99 3.33 7.71 5.68 6.9 2.73 10.3 11.7 12.7 8.22 16.2 3.15 8.61

Magnesium mg/L - 3.85 1.43 1.87 4.27 4.03 0.9 0.82 1.3 1.23 1.61 2.1 2.7 3.24 2.67 0.84 2.94 3.09 4.05 3.31 4.38 1.1 2.25

Potassium mg/L - 2.7 1 1 3 1.7 0.6 0.4 1.2 0.5 0.5 0.6 1.2 1 1.2 0.5 1.4 1.8 1.9 1.1 2.3 0.7 1.3

Sodium mg/L - 14.9 7.1 10.4 18.1 17.8 4.4 5.6 8.2 7.3 9.6 13.5 13.9 16.6 14.2 4.7 14.1 15.2 20 16.2 20.2 5.8 10.9

NUTRIENTS

Ammonia Nitrogen mg/L as N 1.84 0.53 0.05 0.02 0.03 <0.01 0.03 0.03 0.03 <0.01 <0.01 <0.01 <0.01 0.02 <0.01 <0.01 0.18 <0.01 <0.01 <0.01 0.07 0.04 <0.01

Nitrate Nitrogen mg/L as N 3.0 1.72 0.307 0.688 2.53 0.245 0.146 0.05 0.321 0.157 0.038 0.007 0.034 0.054 0.05 0.184 0.566 0.366 0.011 0.055 0.079 0.157 1.38

Total Phosphorus mg/L as P - 0.009 0.01 0.012 0.012 0.017 0.032 0.013 0.014 0.01 0.011 0.009 0.008 0.038 0.012 0.01 0.01 0.011 0.029 0.019 0.013 0.013 0.01

POLLUTANT TESTS

Chemical Oxygen Demand mg/L as O - 34 29 36 25 19 78 42 20 28 <10 <10 <10 41 31 30 19 14 36 40 21 52 30

Biochemical Oxygen Demand mg/L as O - <4 <4 <4 <4 <4 <4 <4 <4 21 <4 <4 <4 <4 <4 <4 <4 <4 <4 <4 <4 <4 <4

TOTAL METALS

Aluminum 
5

mg/L 0.05 0.214 0.312 0.359 0.212 0.213 0.47 0.389 0.528 0.39 0.405 0.447 0.276 0.881 0.283 0.388 0.2 0.162 0.259 0.387 0.118 0.367 0.365

Arsenic mg/L 0.005 0.0002 0.0001 0.0001 0.0002 <0.0001 0.0001 0.0001 0.0001 <0.0001 0.0001 0.0004 0.0003 0.0006 0.0002 0.0001 0.0002 0.0002 0.0005 0.0004 0.0002 0.0001 0.0004

Barium mg/L 1.0 0.0088 0.0041 0.0052 0.011 0.0081 0.0039 0.0029 0.005 0.0033 0.0041 0.0048 0.0069 0.0068 0.0064 0.003 0.0059 0.0066 0.0073 0.0069 0.0105 0.0032 0.006

Boron mg/L 1.2 0.105 0.052 0.048 0.171 0.179 0.015 0.012 0.046 0.019 0.023 0.026 0.059 0.032 0.065 0.019 0.045 0.07 0.077 0.077 0.146 0.032 0.06

Cadmium 
4

mg/L 0.00008 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

Chromium mg/L 0.001 0.0006 0.0007 0.0008 0.0006 0.0005 0.0006 0.0006 0.001 0.0006 0.0007 0.0008 0.0006 0.0014 0.0006 0.0006 <0.0005 <0.0005 0.0007 0.0011 <0.0005 0.0005 0.0005

Copper 
4

mg/L 0.002 0.0008 0.0006 0.0007 0.0009 0.001 0.0013 0.001 0.0037 0.0008 0.0007 0.001 0.0008 0.0022 0.0024 0.0009 <0.0005 0.0012 0.0012 0.0013 0.001 0.001 0.0011

Iron mg/L 1 0.28 0.34 0.43 0.29 0.61 0.36 0.36 0.57 0.4 0.37 0.75 1.12 2.09 0.49 0.39 0.29 0.34 1.33 0.91 1.09 0.38 0.39

Lead 
4

mg/L 0.004 0.00006 0.00015 0.00012 0.00006 0.00006 0.00021 0.00015 0.00015 0.00011 0.0001 0.00012 0.00008 0.00029 0.00008 0.00009 <0.00005 <0.00005 0.00015 0.00006 <0.00005 0.00012 0.00008

Manganese 
4

mg/L 0.61 0.01 0.011 0.011 0.023 0.065 0.019 0.009 0.01 0.009 0.011 0.031 0.078 0.1 0.023 0.008 0.009 0.01 0.19 0.041 0.119 0.011 0.01

Mercury µg/L 0.02 <0.01 <0.01 0.02 0.01 <0.01 0.02 0.03 0.02 <0.01 <0.01 0.02 <0.01 0.03 <0.01 0.01 <0.01 <0.01 0.02 0.01 <0.01 0.03 0.02

Nickel mg/L 0.025 0.0011 0.0005 0.0007 0.0013 0.001 <0.0005 0.0006 0.0019 0.0006 <0.0005 0.0006 0.0006 0.0013 0.0008 <0.0005 0.0007 0.0008 0.0013 0.0007 0.0009 <0.0005 0.0007

Selenium mg/L 0.002 <0.0005 <0.0005 <0.0005 <0.0005 0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 0.0005 <0.0005 <0.0005 <0.0005

Zinc 
4

mg/L 0.0075 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.006 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.006 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
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NOTES: 

1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.

    Available: http://www.env.gov.bc.ca/wat/wq/wq_guidelines.html#approved.  Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL").  Lowest guidelines are shown (ie. Long term average if applicable).

2. Bolding denotes parameters which exceed water quality criteria.

3.  "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.

4. FWAL guideline for indicated parameter changes with hardness. Value shown appropriate for hardness of 25 mg/L-CaCO3. Cadmium guideline is for dissolved cadmium. Former total copper guideline shown as dissolved copper, DOC and HA were not measured.

5. FWAL guideline for indicated parameter changes with pH. The aluminum guideline is for dissolved aluminum.

TABLE A-10

WATER CHEMISTRY DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-10 AND SW-10US

PARAMETER units

RECEIVING 

WATER 

CRITERIA

SAMPLING DATE - CURRENT REPORTING PERIODSAMPLING DATE - PREVIOUS REPORTING PERIODS

PITEAU ASSOCIATES 

Geotechnical and Water Management Consultants



RECEIVING 

WATER 

CRITERIA

AQUATIC 

LIFE

(FWAL)
1

24-Feb-17 24-Apr-17 19-Jun-17 23-Aug-17 17-Oct-17 18-Dec-17 15-Feb-18 4-May-18 26-Jun-18 21-Aug-18 16-Oct-18 14-Dec-18 4-Mar-19 30-Apr-19 3-Jul-19 27-Aug-19 22-Oct-19 11-Dec-19

PHYSICAL TESTS

pH - Field pH - 7.9 7.59 - 7.62 6.68 6.77 7.08 7.76 8.46 Dry 7.69 6.45 7.74 7.62 Dry Dry 6.34 7.04

pH - Lab pH - 6.59 6.86 6.56 7.17 6.92 7.48 7.41 7.5 6.96 7.09 7.11 7.04 7.01 6.56 6.65

Conductivity - Field μS/cm - 106 87 - 415 127 319 250 242 336 214 160 114 126 73 115

Conductivity - Lab μS/cm - 160 121 190 518 188 508 409 337 438 306 258 181 168 106 147

Total Hardness (CaCO3) mg/L - 43 35 50 131 54 160 130 106 138 79 85 43 39 27 35

Total Dissolved Solids mg/L - 95 68 132 288 173 278 160 188 252 180 150 108 98 75 92

Temperature - Field °C - 5.34 9.63 - 10.56 6.76 5.84 10.74 12.86 10.2 8.44 6.08 13.05 10.9 7.68

DISSOLVED ANIONS

Alkalinity - Total mg/L CaCO3 - 38 34 58 147 36 192 155 115 133 62 80 31 35 16 25

Chloride mg/L 150 22.4 11.9 25.1 71.1 18.8 32.7 27.6 29.7 45.9 42.5 17.8 29.5 25.1 13.8 22.9

Sulphate 
4

mg/L 309 4.5 3.1 3.4 3.3 19.1 12.1 5.4 5.9 9.2 19.7 16.0 5.9 3.7 6.6 7.6

TOTAL CATIONS

Calcium mg/L - 12.1 9.65 13.7 35.4 15.9 51.5 39.9 32.5 41 22.6 27 12.3 10.9 7.25 9.42

Magnesium mg/L - 3.02 2.72 3.73 10.4 3.39 7.69 7.28 6.11 8.61 5.36 4.32 3.07 2.83 2.15 2.81

Potassium mg/L - 1.9 2 2.3 4.7 3 8.7 5.5 4.8 5.9 3.6 4.4 2.2 2.2 1.8 2.1

Sodium mg/L - 13.6 10.3 17.9 47.3 13 30 23.3 22.1 36.6 24.9 14.7 16.4 15.2 10.3 14.1

NUTRIENTS

Ammonia Nitrogen mg/L as N 1.84 0.42 0.4 0.44 1.8 0.7 6.9 5.6 2.55 0.9 0.58 1.91 0.25 0.23 0.05 0.06

Nitrate Nitrogen mg/L as N 3.0 0.069 0.186 0.234 <0.005 1.48 2.22 0.098 0.789 3.59 0.092 0.548 0.182 0.067 0.286 0.3

Total Phosphorus mg/L as P - 0.035 0.036 0.032 0.049 0.062 0.041 0.038 0.033 0.016 0.034 0.034 0.022 0.033 0.045 0.034

POLLUTANT TESTS

Chemical Oxygen Demand mg/L as O - 36 27 41 54 50 38 30 <10 <10 39 41 28 25 57 26

Biochemical Oxygen Demand mg/L as O - 8 <4 5 <4 <4 5 <4 17 <4 37 <4 <4 <4 <4 <4

TOTAL METALS

Aluminum 
5

mg/L 0.05 1.27 1.45 0.596 0.604 1.34 0.532 0.26 1.05 0.883 1.35 1.77 0.72 0.717 1.37 1.63

Arsenic mg/L 0.005 0.0006 0.0005 0.0005 0.0011 0.0004 0.0007 0.0006 0.0005 0.0006 0.0008 0.0008 0.0005 0.0005 0.0005 0.0006

Barium mg/L 1.0 0.0126 0.012 0.0122 0.0344 0.0164 0.0373 0.0241 0.0223 0.026 0.0222 0.021 0.0103 0.0114 0.0097 0.0126

Boron mg/L 1.2 0.086 0.079 0.116 0.403 0.126 0.307 0.166 0.192 0.3 0.173 0.15 0.075 0.073 0.071 0.084

Cadmium 
4

mg/L 0.0002 <0.00001 <0.00001 <0.00001 <0.00001 0.00002 0.00003 0.00001 <0.00001 <0.00001 0.00001 0.00007 <0.00001 <0.00001 <0.00001 <0.00001

Chromium mg/L 0.001 0.0021 0.0028 0.0016 0.0013 0.0018 0.0014 0.0011 0.0014 0.0014 0.0021 0.0029 0.0012 0.0014 0.0022 0.0024

Copper 
4

mg/L 0.005 0.002 0.002 0.0026 0.0012 0.0047 0.003 0.0012 0.0036 0.0019 0.0022 0.0041 0.0013 0.0022 0.0028 0.0027

Iron mg/L 1 4.69 3.58 4.46 13.4 2.07 2.36 2.65 2.97 2.46 4.99 3.69 3.06 2.51 2.65 3.61

Lead 
4

mg/L 0.0075 0.00041 0.00119 0.00024 0.00018 0.00052 0.00032 0.0001 0.00026 0.00022 0.0004 0.00059 0.0002 0.00016 0.00039 0.00037

Manganese 
4

mg/L 1.16 0.501 0.288 0.544 1.8 0.083 0.733 2.04 0.693 0.62 0.76 0.154 0.36 0.391 0.062 0.15

Mercury µg/L 0.02 <0.01 0.01 0.02 <0.01 0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 0.01

Nickel mg/L 0.025 0.0013 0.0012 0.0009 0.002 0.0016 0.0028 0.002 0.0014 0.0019 0.0017 0.0022 0.0008 0.0009 0.0012 0.0011

Selenium mg/L 0.002 <0.0005 <0.0005 <0.0005 0.002 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005

Zinc 
4

mg/L 0.0338 0.005 0.006 <0.005 <0.005 0.008 0.012 <0.005 <0.005 <0.005 0.008 0.019 0.008 <0.005 <0.005 <0.005

NOTES: 
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1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.

    Available: http://www.env.gov.bc.ca/wat/wq/wq_guidelines.html#approved.  Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL").  Lowest guidelines are shown (ie. Long term average if applicable).

2. Bolding denotes parameters which exceed water quality criteria.

3.  "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.

4. FWAL guideline for indicated parameter changes with hardness. Value shown appropriate for hardness of 125 mg/L-CaCO3. Cadmium guideline is for dissolved cadmium. Former total copper guideline shown as dissolved copper, DOC and HA were not measured.

5. FWAL guideline for indicated parameter changes with pH. The aluminum guideline is for dissolved aluminum.

TABLE A-11

WATER CHEMISTRY DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-11

PARAMETER units

SAMPLING DATE - PREVIOUS REPORTING PERIODS SAMPLING DATE - CURRENT REPORTING PERIOD

PITEAU ASSOCIATES 

Geotechnical and Water Management Consultants



RECEIVING 

WATER 

CRITERIA

AQUATIC 

LIFE
1

(FWAL)

24-Feb-17 24-Apr-17 19-Jun-17 23-Aug-17 17-Oct-17 18-Dec-17 15-Feb-18 4-May-18 26-Jun-18 21-Aug-18 16-Oct-18 14-Dec-18 4-Mar-19 30-Apr-19 3-Jul-19 27-Aug-19 22-Oct-19 11-Dec-19

PHYSICAL TESTS

pH - Field pH - 8.87 8.44 - 8.35 7.44 7.32 7.48 7.97 8.85 Dry 8.1 6.27 8.68 8.44 Dry 8.15 7.18 7.68

pH - Lab pH - 6.61 6.85 6.67 6.79 6.34 6.88 7.27 6.48 6.86 7.02 6.27 6.87 7.06 7.98 6.36 6.49

Conductivity - Field μS/cm - 60 73 - 271 52 67 131 252 331 113 42 85 85 515 42 54

Conductivity - Lab μS/cm - 89 77 142 326 71 105 205 79 431 146 51 117 124 653 53 71

Total Hardness (CaCO3) mg/L - 21 23 39 67 20 28 61 12 105 33 14 24 23 221 13 16

Total Dissolved Solids mg/L - 55 48 98 182 79 70 70 55 228 80 42 68 62 405 48 60

Temperature - Field °C - 4.98 9.96 - 13.48 10.71 6.61 6.33 9.42 11.46 8.76 7.96 4.4 8.01 15.49 11.05 7.41

DISSOLVED ANIONS

Alkalinity - Total mg/L CaCO3 - 17 22 55 36 11 30 72 7 106 22 8 12 15 212 8 9

Chloride mg/L 150 13.8 7.97 14.5 68.4 8.28 10.2 16.4 16.2 61.9 26.6 6.97 22.6 22.7 59.3 7.94 11.7

Sulphate 
4

mg/L 218 2.6 1.1 3 8.2 5.6 2.6 1.8 2.4 10.2 6.4 2.5 5 5.1 28.6 2.1 3.2

NUTRIENTS

Ammonia Nitrogen mg/L as N 1.84 0.15 0.35 0.82 0.2 0.09 0.87 2.4 <0.01 1.54 <0.01 0.07 <0.01 <0.01 <0.02 0.06 <0.01

Nitrate Nitrogen mg/L as N 3.0 0.141 0.047 0.178 0.102 0.361 0.06 0.098 0.12 1.44 0.32 0.063 0.124 0.125 2.39 0.047 0.06

Total Phosphorus mg/L as P - 0.012 0.019 0.021 0.05 0.044 0.023 0.027 0.01 0.015 0.019 0.01 0.013 0.018 0.029 0.026 0.02

TOTAL METALS

Aluminum 
5

mg/L 0.05 0.704 1.02 0.629 1.14 1.04 0.965 0.68 0.358 0.462 0.977 1.48 0.736 0.778 0.233 1.32 1.43

Iron mg/L 1 0.86 1.85 0.99 3.98 1.19 1.7 2.23 0.35 1.11 1.82 1.99 0.85 0.95 0.54 1.59 1.98

Manganese 
4

mg/L 1.05 0.02 0.16 0.06 3.46 0.032 0.206 0.58 0.01 0.452 0.21 0.054 0.017 0.035 0.054 0.023 0.037

NOTES: 
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1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.

    Available: http://www.env.gov.bc.ca/wat/wq/wq_guidelines.html#approved.  Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL").  Lowest guidelines are shown (ie. Long term average if applicable).

2. Bolding denotes parameters which exceed water quality criteria.

3.  "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.

4. FWAL guideline for indicated parameter changes with hardness. Value shown appropriate for hardness of 100 mg/L-CaCO3. Former total copper guideline shown as dissolved copper, DOC and HA were not measured for 2019.

6. Sampling site changed from Sandhill Creek downstream of the leachate storage lagoon to its original location in the gulley south of the leachate lagoon in June 2015 (Fig. 1).

5. FWAL guideline for indicated parameter changes with pH. The aluminum guideline is for dissolved aluminum.

SAMPLING DATE - CURRENT REPORTING PERIODSAMPLING DATE - PREVIOUS REPORTING PERIODS

WATER CHEMISTRY DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-12

TABLE A-12

PARAMETER units

PITEAU ASSOCIATES 

Geotechnical and Water Management Consultants



RECEIVING 

WATER 

CRITERIA

AQUATIC 

LIFE

(FWAL)
1

10-Dec-08 29-Apr-09 16-Jun-09 17-Feb-15

PHYSICAL TESTS

pH - Field pH - 6.49 6.03 6.27 7.3

pH - Lab pH - 6.38 5.22 6.64 6.72

Conductivity - Field μS/cm - 30 57 110 90

Conductivity - Lab μS/cm - 33 58 106 84

Total Hardness (CaCO3) mg/L - 6 10 21.8 30

Total Dissolved Solids mg/L - 51 65 118 48

Temperature - Field °C - 6.62 16.75 17.49 6.86

DISSOLVED ANIONS

Alkalinity - Total mg/L CaCO3 - 7.4 13.2 20.4 30

Chloride mg/L 150 4.78 9.55 19.5 7.08

Sulphate 
4

mg/L 100 - - - 0.8

NUTRIENTS

Ammonia Nitrogen mg/L as N 1.84 0.02 0.02 0.01 <0.01

Nitrate Nitrogen mg/L as N 3.0 <0.05 <0.05 <0.05 0.21

Total Phosphorus mg/L as P - - - - 0.008

TOTAL METALS

Aluminum 
5

mg/L 0.05 0.96 0.58 0.61 0.479

Iron mg/L 1 1.43 1.16 6.63 0.957

Manganese 
4

mg/L 0.83 0.068 0.27 1.75 0.079

NOTES: 
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1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.

    Available: http://www.env.gov.bc.ca/wat/wq/wq_guidelines.html#approved.  Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL").

    Lowest guidelines are shown (ie. Long term average if applicable).

2. Bolding denotes parameters which exceed water quality criteria.

3.  "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.

4. FWAL guideline for indicated parameter changes with hardness. Value shown appropriate for hardness of 30 mg/L-CaCO3.

5. FWAL guideline for indicated parameter changes with pH. The aluminum guideline is for dissolved aluminum.

TABLE A-13

WATER CHEMISTRY DATA SUMMARY FOR SURFACE WATER SAMPLING SITE SW-13

PARAMETER units

SAMPLING DATE - PREVIOUS REPORTING PERIODS

PITEAU ASSOCIATES 

Geotechnical and Water Management Consultants



AQUATIC 

LIFE

(FWAL)
1

24-Feb-17 24-Apr-17 19-Jun-17 23-Aug-17 17-Oct-17 18-Dec-17 15-Feb-18 4-May-18 26-Jun-18 21-Aug-18 16-Oct-18 14-Dec-18 4-Mar-19 30-Apr-19 3-Jul-19 27-Aug-19 22-Oct-19 11-Dec-19

PHYSICAL TESTS

pH - Field pH - 8.71 8.72 - 7.7 7.72 9.2 7.95 7.7 8.67 8.02 7.9 7.27 7.06 8.31 - 7.22 8.16 8.27

pH - Lab pH - 6.79 6.36 6.28 6.53 4.84 6.13 6.41 7.48 6.36 6.62 6.59 5.68 6.82 6.99 6.68 6.8 5.66 6.78

Conductivity - Field μS/cm - 115 128 - 672 50 70 787 808 139 405 100 243 71 131 - 630 73 67

Conductivity - Lab μS/cm - 110 49 73 164 43 48 63 368 114 228 105 38 104 103 230 143 45 81

Total Hardness (CaCO3) mg/L - 24 10 12 24 9 9 11 113 19 36 15 7 17 17 36 22 8 14

Total Dissolved Solids mg/L - 70 42 70 108 87 62 10 195 75 145 75 40 68 60 150 118 35 68

Temperature - Field °C - 3.88 7.7 - 13.68 10.74 7 6.29 9.56 11.47 13.15 7.81 8.47 2.87 7.11 - 13.81 10.64 7.35

DISSOLVED ANIONS

Alkalinity - Total mg/L CaCO3 - 22 8 11 8 <1 4 7 135 12 12 7 3 11 11 6 8 2 8

Chloride mg/L 150 17.2 8.12 13.6 38.3 6.7 7.34 11.1 29.7 24.5 61.6 23.6 6.72 22 21 60.5 34.2 8.08 15.6

Sulphate 
4

mg/L 128 3.7 1.2 1.9 4.4 2 1.5 1.8 5.4 3.9 2.6 3.3 1.6 2.9 2.8 4.2 4 1.4 2.5

NUTRIENTS

Ammonia Nitrogen mg/L as N 1.84 0.06 <0.01 0.03 <0.01 0.03 0.18 0.04 4.26 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 0.03 <0.01

Nitrate Nitrogen mg/L as N 3.0 0.589 0.099 0.185 0.094 0.089 0.087 0.098 0.68 0.14 0.091 0.029 0.073 0.193 0.09 0.03 0.03 0.042 0.309

Total Phosphorus mg/L as P - 0.009 0.012 0.012 0.021 0.033 0.014 0.013 0.017 0.015 0.025 0.012 0.015 0.009 0.01 0.014 0.027 0.016 0.01

TOTAL METALS

Aluminum 
5

mg/L 0.05 0.173 0.417 0.336 0.262 0.76 0.465 0.362 0.515 0.298 0.368 0.239 0.52 0.164 0.191 0.149 0.349 0.499 0.487

Iron mg/L 1 0.25 0.44 0.45 0.93 0.67 0.47 0.43 1.1 0.56 1.8 0.44 0.52 0.25 0.29 0.76 0.88 0.49 0.58

Manganese 
4

mg/L 0.74 0.007 0.01 0.01 0.039 0.038 0.017 0.009 0.602 0.016 0.084 0.017 0.013 0.008 0.011 0.05 0.027 0.017 0.01

NOTES: 

1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.

    Available: http://www.env.gov.bc.ca/wat/wq/wq_guidelines.html#approved.  Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL").  Lowest guidelines are shown (ie. Long term average if applicable).

2. Bolding denotes parameters which exceed water quality criteria.

3.  "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.

4. FWAL guideline for indicated parameter changes with hardness. Value shown appropriate for hardness of 30 mg/L-CaCO3.

5. FWAL guideline for indicated parameter changes with pH. The aluminum guideline is for dissolved aluminum.

WATER CHEMISTRY DATA SUMMARY FOR SANDHILL CREEK SAMPLING SITE

TABLE A-14

SAMPLING DATE - PREVIOUS REPORTING PERIOD

PARAMETER units

RECEIVING 

WATER 

CRITERIA

SAMPLING DATE - CURRENT REPORTING PERIOD

PITEAU ASSOCIATES 

Geotechnical and Water Management Consultants



RECEIVING 

WATER 

CRITERIA

AQUATIC 

LIFE

(FWAL)
1

21-Aug-18 16-Oct-18 3-Jul-19 27-Aug-19 22-Oct-19

PHYSICAL TESTS

pH - Field pH - Dry 8.72 Dry 6.12 6.34

pH - Lab pH - 5.89 6.05 5.58

Conductivity - Field μS/cm - 48 50 28

Conductivity - Lab μS/cm - 57 67 39

Total Hardness (CaCO3) mg/L - 8 10 5

Total Dissolved Solids mg/L - 55 65 52

Temperature - Field °C - 8.87 12.34 10.47

DISSOLVED ANIONS

Alkalinity - Total mg/L CaCO3 - 5 4 2

Chloride mg/L 150 10.5 13.4 7.22

Sulphate 
4

mg/L 128 3.3 2.7 1.0

TOTAL CATIONS

Calcium mg/L - 1.2 1.54 0.77

Magnesium mg/L - 1.18 1.42 0.84

Potassium mg/L - 0.3 0.4 0.3

Sodium mg/L - 7.2 8.5 4.9

NUTRIENTS

Ammonia Nitrogen mg/L as N 1.84 <0.01 <0.01 0.05

Nitrate Nitrogen mg/L as N 3.0 <0.005 <0.005 <0.005

Total Phosphorus mg/L as P - 0.014 0.018 0.01

POLLUTANT TESTS

Chemical Oxygen Demand mg/L as O - 37 39 54

Biochemical Oxygen Demand mg/L as O - <4 <4 <4

TOTAL METALS

Aluminum 
5

mg/L 0.05 0.312 0.365 0.471

Arsenic mg/L 0.005 0.0001 0.0003 0.0001

Barium mg/L 1.0 0.0043 0.0049 0.0036

Boron mg/L 1.2 0.016 0.033 0.006

Cadmium 
4

mg/L 0.00006 <0.00001 <0.00001 <0.00001

Chromium mg/L 0.001 0.0005 0.0008 0.0006

Copper 
4

mg/L 0.002 0.001 0.0013 0.001

Iron mg/L 1 0.48 1.12 0.43

Lead 
4

mg/L 0.0037 0.00006 <0.00005 0.00008

Manganese 
4

mg/L 0.69 0.019 0.033 0.013

Mercury µg/L 0.02 <0.01 <0.01 0.03

Nickel mg/L 0.025 <0.0005 0.0009 0.0006

Selenium mg/L 0.002 <0.0005 <0.0005 <0.0005

Zinc 
4

mg/L 0.0075 <0.005 <0.005 <0.005

NOTES: 
1. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.

 Available: http://www.env.gov.bc.ca/wat/wq/wq_guidelines.html#approved.  Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL"). 

 Lowest guidelines are shown (ie. Long term average if applicable).

2. Bolding denotes parameters which exceed water quality criteria.

3.  "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.

4. FWAL guideline for indicated parameter changes with hardness. Value shown appropriate for hardness of 20 mg/L-CaCO3. Cadmium guideline is for dissolved cadmium.

 Former total copper guideline shown as dissolved copper, DOC and HA were not measured.

5. FWAL guideline for indicated parameter changes with pH. The aluminum guideline is for dissolved aluminum.

TABLE A-15

WATER CHEMISTRY DATA SUMMARY FOR SANDHILL CREEK EAST TRIBUTARY

PARAMETER units

SAMPLING DATE - PREVIOUS REPORTING 

PERIODS
SAMPLING DATE - CURRENT REPORTING PERIOD

PITEAU ASSOCIATES 

Geotechnical and Water Management Consultants



SW-3 SW-3 SW-3 SW-3 SW-1 SW-3 SW-3 SW-1 SW-3 SW-3 SW-3 SW-1 SW-3 SW-3 SW-3 SW-1 SW-3 SW-3 SW-3 SW-1 SW-3 SW-3 SW-1 SW-3

GCDWQ 

MAC or AO
1

AQUATIC 

LIFE

(FWAL)
1

24-Feb-17 24-Apr-17 19-Jun-17 22-Aug-17 22-Aug-17 17-Oct-17 18-Dec-17 18-Dec-17 15-Feb-18 4-May-18 26-Jun-18 21-Aug-18 21-Aug-18 16-Oct-18 14-Dec-18 14-Dec-18 4-Mar-19 30-Apr-19 3-Jul-19 27-Aug-19 27-Aug-19 22-Oct-19 11-Dec-19 11-Dec-19

HALOGENATED VOLATILES

Bromodichloromethane μg/L - - <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

Bromoform μg/L - - <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

Bromomethane μg/L - - <1 <1 <1 1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

Carbon Tetrachloride μg/L 2 13.3 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

Chlorobenzene μg/L 80 1.3 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

Chloroethane μg/L 30 - <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

Chloroform μg/L - 1.8 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

Chloromethane μg/L - - <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

Dibromochloromethane μg/L 3 - <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

1,2-Dibromoethane μg/L - - <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3

1,2-Dichlorobenzene μg/L 3 0.7 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

1,3-Dichlorobenzene μg/L - 150 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

1,4-Dichlorobenzene μg/L 1 26 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

1,1-Dichloroethane μg/L - - <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

1,2-Dichloroethane μg/L 5 100 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

1,1-Dichloroethylene μg/L 14 - <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

cis-1,2-Dichloroethylene μg/L - - <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

trans-1,2-Dichloroethylene μg/L - - <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

Dichloromethane μg/L 50 98.1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

1,2-Dichloropropane μg/L - - <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

1,1,2,2-Tetrachloroethane μg/L - - <1 <1 <1 <1 <1 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

Tetrachloroethylene μg/L 10 110 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

1,1,1-Trichloroethane μg/L - - <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

1,1,2-Trichloroethane μg/L - - <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

Trichloroethylene μg/L 5 21 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

Trichlorofluoromethane μg/L - - <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

Vinyl Chloride μg/L 2 - <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

NON-HALOGENATED VOLATILES

Benzene μg/L 5 40 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

Ethylbenzene μg/L 2 200 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

Styrene μg/L - 72 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

Toluene μg/L 24 0.5 <0.5 <0.5 0.8 <0.5 <0.5 <0.5 0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

Xylenes μg/L 20 30 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

NOTES: 
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1. GCDWQ = Guidelines for Canadian Drinking Water Quality (Health Canada, 2017)

    MAC = Maximum acceptable concentration; AO = Aesthetic objective.

    FWAL = Fresh Water Aquatic Life Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.

    Available: http://www.env.gov.bc.ca/wat/wq/wq_guidelines.html#approved Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL").  Lowest guidelines are shown (ie. Long term average if applicable).

2. Bolding denotes parameters which exceed water quality criteria.

3.  "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.

TABLE A-16

SURFACE WATER CHEMISTRY DATA SUMMARY FOR VOCs

PARAMETER units

RECEIVING WATER 

CRITERIA

SAMPLING DATE - CURRENT REPORTING PERIODSAMPLING DATE - PREVIOUS REPORTING PERIOD

PITEAU ASSOCIATES 

Geotechnical and Water Management Consultants



CURRENT 

REPORTING PERIOD

GCDWQ MAC or 

AO
1

AQUATIC LIFE

(FWAL)
1

23-Aug-16 22-Aug-17 21-Aug-18 27-Aug-19

OP PESTICIDES

Phorate μg/L 2 - <0.5 <0.5 <0.5 <0.5

Dimethoate μg/L 20 - <2.5 <2.5 <2.5 <2.5

Terbufos μg/L 1 - <0.5 <0.5 <0.5 <0.5

Diazinon μg/L 20 - <0.17 <0.17 <0.17 <1

Malathion μg/L 190 - <0.1 <0.1 <0.1 <5

Chlorpyrifos μg/L 90 - <0.002 <0.002 <0.002 <1

Parathion μg/L 50 - <0.013 <0.013 <0.013 <1

Azinphos-methyl μg/L 20 - <0.01 <0.01 <0.01 <2

BASE NEUTRALS AND ACIDS

Naphthalene μg/L - 1 <0.05 <0.30 <0.30 <0.30

Acenaphthylene μg/L - - <0.05 <0.31 <0.31 <0.31

Acenaphthene μg/L - 6 <0.05 <0.30 <0.30 <0.30

Fluorene μg/L - 12 <0.05 <0.31 <0.31 <0.31

Phenanthrene μg/L - 0.3 <0.05 <0.32 <0.32 <0.32

Anthracene μg/L - 4 <0.05 <0.30 <0.30 <0.30

Fluoranthene μg/L - 4 <0.05 <0.27 <0.27 <0.27

Pyrene μg/L - - <0.02 <0.20 <0.20 <0.20

Benz(a)anthracene μg/L - 0.1 <0.05 <0.20 <0.20 <0.20

Chrysene μg/L - - <0.05 <0.27 <0.27 <0.27

Benzo(b)fluoranthene μg/L - - <0.05 <0.20 <0.20 <0.20

Benzo(k)fluoranthene μg/L - - <0.05 <0.20 <0.20 <0.20

Benzo(a)pyrene μg/L 0.04 0.01 <0.01 <0.01 <0.01 <0.01

Indeno(1,2,3-cd)pyrene μg/L - - <0.05 <0.27 <0.27 <0.01

Dibenzo(a,h)anthracene μg/L - - <0.05 <0.20 <0.20 <0.20

Benzo(g,h,i)perylene μg/L - - <0.05 <0.20 <0.20 <0.20

Phenol μg/L - - 3 <1.0 <1.0 <1.0

Bis(2-chloroethyl)ether μg/L - - - <0.5 <0.5 <0.5

2-Chlorophenol μg/L - - - <0.5 <0.5 <0.5

o-Cresol μg/L - - - <0.5 <0.5 <0.5

Bis(2-chloroisopropyl)ether μg/L - - - <0.5 <0.5 <0.5

m&p-Cresol μg/L - - - <0.5 <0.5 <0.5

Hexachloroethane μg/L - - - <0.5 <0.5 <0.5

2,4-Dimethylphenol μg/L - - - <0.5 <0.5 <0.5

2,4-Dichlorophenol μg/L - 4.3 - <0.3 <0.3 <0.3

1,2,4-Trichlorobenzene μg/L - - <1 <1 <1 <1

p-Chloroaniline μg/L - - - <1.0 <1.0 <1.0

Hexachlorobutadiene μg/L - - - <0.4 <0.4 <0.4

2-and 1-methyl Naphthalene μg/L - - - <0.5 <0.5 <0.5

2,4,6-Trichlorophenol μg/L 5 8.8 - <0.2 <0.2 <0.2

2,4,5-Trichlorophenol μg/L - 3.3 - <0.2 <0.2 <0.2

1,1-Biphenyl μg/L - - - <0.5 <0.5 <0.5

Dimethyl phthalate μg/L - - - <0.5 <0.5 <0.5

2,6-Dinitrotoluene μg/L - - - <0.5 <0.5 <0.5

2,4-Dinitrotoluene μg/L - - - <0.5 <0.5 <0.5

2,3,4,6-Tetrachlorophenol μg/L 100 8 - <0.5 <0.5 <0.5

Diethyl phthalate μg/L - - - <0.5 <0.5 <0.5

Hexachlorobenzene μg/L - - <0.01 <0.5 <0.5 <0.5

Pentachlorophenol μg/L 30 - - <0.5 <0.5 <0.5

3,3'-dichlorobenzidine μg/L - - - <0.5 <0.5 <0.5

Bis(2-Ethylhexyl)phthalate μg/L - - - <0.5 <0.5 <0.5

2,4-Dinitrophenol μg/L - - - <10 <10 <10

Surrogate: 2,4,6-Tribromophenol % - - - 114 106 111

Surrogate: Chrysene-d12 % - - - 94 113 101

LEPH/HEPH

Quinoline μg/L - - <0.1 <0.1 <0.05 <0.05

Anthracene (Water) μg/L - 4 <0.05 <0.30 <0.30 <0.30

Acridine μg/L - 3 <0.05 <0.05 <0.05 <0.05

Benzo(j)fluoranthene μg/L - - <0.05 <0.05 <0.01 <0.01

Indeno(1,2,3-c,d)pyrene μg/L - - <0.05 <0.27 <0.01 <0.01

Surrogate: Naphthalene - d8 % - - 76 89 88 95

Surrogate: 2-Fluorobiphenyl % - - 81 91 90 91

Surrogate: P-Terphenyl - d14 % - - 82 90 88 73

LEPH C10-C19 μg/L - - <100 <100 <100 <200

HEPH C19-C32 μg/L - - 560 <100 <100 <200

Benzo(b+j)fluoranthene μg/L - - <0.1 <0.05 <0.01 <0.01

TABLE A-17

SUMMARY OF POTENTIAL CONTAMINANTS IN SURFACE WATER AT SW-3

PARAMETER units

RECEIVING WATER CRITERIA PREVIOUS REPORTING PERIOD
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CURRENT 

REPORTING PERIOD

GCDWQ MAC or 

AO
1

AQUATIC LIFE

(FWAL)
1

23-Aug-16 22-Aug-17 21-Aug-18 27-Aug-19

TABLE A-17

SUMMARY OF POTENTIAL CONTAMINANTS IN SURFACE WATER AT SW-3

PARAMETER units

RECEIVING WATER CRITERIA PREVIOUS REPORTING PERIOD

OC PESTICIDES

Gamma-Hexachlorocyclohexane μg/L - - <0.01 <0.01 <0.01 <0.01

Heptachlor μg/L - - <0.01 <0.01 <0.01 <0.01

Aldrin μg/L 0.7 - <0.01 <0.01 <0.01 <0.01

Heptachlor Epoxide μg/L - - <0.01 <0.01 <0.01 <0.01

Endosulfan μg/L - - <0.003 <0.003 <0.003 <0.003

Chlordane μg/L - - <0.04 <0.04 <0.04 <0.04

DDE μg/L - - <0.05 <0.05 <0.05 <0.05

DDD μg/L - - <0.05 <0.05 <0.05 <0.05

DDT μg/L - - <0.04 <0.04 <0.04 <0.04

Dieldrin μg/L 0.7 - <0.02 <0.02 <0.02 <0.02

Endrin μg/L - - <0.05 <0.05 <0.05 <0.05

Methoxychlor μg/L 900 - <0.03 <0.03 <0.03 <0.03

Surrogate: TCMX % - - 77 84 67 74

Surrogate: Decachlorobiphenyl % - - 84 77 71 88

PHENOLS

Hydroquinone μg/L - - - - 0.9 0.8

Resorcinol μg/L - - - - <0.5 <0.5

Catechol μg/L - - - - <0.5 <0.5

ortho-Cresol μg/L - - - <0.5 <0.5 <0.5

m-Cresol μg/L - - - - <0.1 0.1

para-Cresol μg/L - - - - <0.1 0.6

4-nitrophenol μg/L - - - - <0.5 <0.5

2-nitrophenol μg/L - - - - <0.5 <0.5

3-chlorophenol μg/L - - - - <0.05 <0.05

4-chlorophenol μg/L - - - - <0.05 <0.05

2,4 + 2,5-dichlorophenol μg/L - 3.7 - - <0.05 <0.05

2,3-dichlorophenol μg/L - 8.3 - - <0.05 <0.05

3,4-dichlorophenol μg/L - 4.4 - - <0.05 <0.05

3,5-dichlorophenol μg/L - 3.4 - - <0.05 <0.05

2,6-dichlorophenol μg/L - 15 - - <0.05 <0.05

2,3,5-trichlorophenol μg/L - 3.7 - - <0.05 <0.05

2,3,4-trichlorophenol μg/L - 3.6 - - <0.05 <0.05

3,4,5-trichlorophenol μg/L - 1.4 - - <0.05 <0.05

2,3,6-trichlorophenol μg/L - 12 - - <0.05 <0.05

2,3,5,6-tetrachlorophenol μg/L - 3.6 - - <0.05 <0.05

2,3,4,5-tetrachlorophenol μg/L - 2.8 - - <0.05 <0.05

2,3,4,6-Tetrachlorophenol μg/L - 8.0 - <0.5 <0.5 <0.5

Phenol-D5 % - - - 112 100 100

Surrogate: 2-Fluorophénol % - - - 103 95 94

Surrogate: 2,6-dibromophénol % - - - 107 109 104

Surrogate: 2,4,6-tribromophénol % - - - 114 106 111

NOTES: 
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1. GCDWQ = Guidelines for Canadian Drinking Water Quality (Health Canada, 2017)

    MAC = Maximum acceptable concentration; AO = Aesthetic objective.

2. Bolding denotes parameters which exceed water quality criteria.

3.  "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.

    FWAL = Fresh Water Aquatic Life Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division,

    Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL").   Lowest guidelines or those based on pH of 7.7 are shown.

PITEAU ASSOCIATES 

Geotechnical and Water Management Consultants 18 of 20



GCDWQ MAC 

or AO
1

AQUATIC LIFE

(FWAL)
1

29-Oct-03 13-Jun-06 29-Oct-03 13-Jun-06 29-Oct-03 13-Jun-06

PHYSICAL TESTS

pH - Field pH 7-10.5 - 7.4 7.29 6.79 7.73 6.92 6.47

pH - Lab pH 7-10.5 - 7.85 8.02 7.84 8.03 8 8.16

Conductivity - Field μS/cm - - 11000 11410 11700 8280 7570 7730

Conductivity - Lab μS/cm - - 12700 14400 13300 14500 9340 9250

Total Hardness (CaCO3) mg/L - - 957 - 1100 - 480 -

Total Dissolved Solids mg/L 500 - 6830 7670 7000 7100 4370 4730

Temperature - Field °C - - 11.8 15.4 11 24.7 12.3 15

DISSOLVED ANIONS

Alkalinity - Total mg/L - - 259 247 234 242 314 315

Chloride mg/L 250 150 3920 4030 4090 3890 2610 2760

Sulphate 
4

mg/L 429 100 778 657 499 496 334 290

DISSOLVED CATIONS

Calcium mg/L - - 112 - 129 - 57.9 -

Magnesium mg/L - - 149 - 168 - 68.5 -

Potassium mg/L - - 35.6 - 35.2 - 27.9 -

Sodium mg/L 200 - 2010 - 1950 - 1440 -

NUTRIENTS

Ammonia Nitrogen mg/L as N - 1.84 5.6 4.34 6.4 3.94 5.7 3.12

Nitrate Nitrogen mg/L as N - 3.0 <0.05 <25 <0.05 <25 <0.05 <2.5

Total Phosphorus mg/L as P - - 0.15 0.06 0.12 0.13 0.2 0.4

POLLUTANT TESTS

Biochemical Oxygen Demand mg/L as O - - <10 - <10 - <10 -

NOTES: 
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1. GCDWQ = Guidelines for Canadian Drinking Water Quality (Health Canada, 2019)

    MAC = Maximum acceptable concentration:  AO = Aesthetic objective

2. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental 

    Protection Division, BC Ministry of Environment.  Hardness dependent values assume hardness of 500 mg/L.

     Available: http://www.env.gov.bc.ca/wat/wq/wq_guidelines.html#approved.  Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL").  

    Lowest guidelines are shown (ie. Long term average if applicable).

3. Bolding denotes parameters which exceed water quality criteria.

4.  "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.

RECEIVING WATER CRITERIA MW02-3MW02-2MW02-1

TABLE A-18a

WATER CHEMISTRY DATA SUMMARY FOR MONITORING WELLS

PARAMETER units

PITEAU ASSOCIATES 

Geotechnical and Water Management Consultants



MW02-1 MW02-2 MW02-3

GCDWQ MAC or 

AO
1

AQUATIC LIFE

(FWAL)
1 29-Oct-03 29-Oct-03 29-Oct-03

TOTAL METALS

Arsenic mg/L 0.01 0.005 0.006 0.007 0.005

Barium mg/L 1.0 1.0 0.11 0.14 0.097

Boron mg/L - 1.2 3.97 3.34 3.05

Cadmium 
5

mg/L 0.005 0.0007 <0.0002 <0.0002 <0.0002

Chromium mg/L 0.05 0.001 0.002 0.002 0.001

Copper 
5

mg/L 1.0 0.020 0.003 0.005 0.003

Iron mg/L 0.3 1.0 1.65 1.52 0.58

Lead 
5

mg/L 0.01 0.028 - - -

Manganese 
5

mg/L 0.02 2.81 - - -

Mercury µg/L 1.0 0.02 <0.02 <0.02 <0.02

Nickel mg/L - 0.065 0.011 0.013 0.011

Selenium mg/L 0.01 0.002 <0.001 <0.001 <0.001

Zinc 
5

mg/L 5.0 0.315 0.016 0.012 0.008

DISSOLVED METALS

Arsenic mg/L 0.01 0.005 0.006 0.006 0.004

Barium mg/L 1.0 1.0 0.1 0.11 0.086

Boron mg/L - 1.2 3.7 3.08 2.81

Cadmium 
5

mg/L 0.005 0.0007 <0.0002 <0.0002 <0.0002

Chromium mg/L 0.05 0.001 0.001 <0.001 <0.001

Copper 
5

mg/L 1.0 0.020 0.002 0.003 0.003

Iron mg/L 0.3 0.35 0.24 0.13 0.18

Lead 
5

mg/L 0.01 0.028 <0.001 <0.001 <0.001

Manganese 
5

mg/L 0.02 2.81 0.67 0.67 0.37

Mercury µg/L 1.0 0.02 <0.02 <0.02 <0.02

Nickel mg/L - 0.065 0.01 0.011 0.009

Selenium mg/L 0.01 0.002 <0.001 <0.001 <0.001

Zinc 
5

mg/L 5.0 0.315 0.009 0.008 0.006

NOTES: 
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1. GCDWQ = Guidelines for Canadian Drinking Water Quality (Health Canada, 2019)

    MAC = Maximum acceptable concentration:  AO = Aesthetic objective

3. Bolding denotes parameters which exceed water quality criteria.

4.  "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.
5. FWAL guideline for indicated parameter changes with hardness. See note 2. Former total copper guideline shown as dissolved copper and 

    DOC were not measured.

2. Approved and Working Water Quality Guidelines, Science and Information Branch, Environmental Protection Division, BC Ministry of Environment.

    Hardness dependent values assume hardness of 500 mg/L.  Available: http://www.env.gov.bc.ca/wat/wq/wq_guidelines.html#approved.

    Guidelines for the Protection of Fresh-Water Aquatic Life ("FWAL").  Lowest guidelines are shown (ie. Long term average if applicable).

TABLE A-18b

METAL MONITORING DATA SUMMARY FOR MONITORING WELLS

PARAMETER units

RECEIVING WATER CRITERIA

PITEAU ASSOCIATES 
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Background and Receiving Creeks 



 

 

Figure B-15 Total Iron Concentration Time-Series Plots for Leachate Collection System and 
Leachate Irrigation Receiving Area 

Figure B-16 Total Iron Concentration Time-Series Plots for Landfill Boundary and Background 
and Receiving Creeks 

Figure B-17 Total Manganese Concentration Time-Series Plots for Leachate Collection 
System and Leachate Irrigation Receiving Area 

Figure B-18 Total Manganese Concentration Time-Series Plots for Landfill Boundary and 
Background and Receiving Creeks  
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APPENDIX C 
MONITORING DATA TABLE FOR 2019 DUPLICATE SAMPLES 

  



APPENDIX C 

LIST OF TABLES 

Table C-1 

Table C-2 

Summary of Duplicate Sample Results 2019 

Summary of Duplicate Sample Results: SW-3 VOC Scan 2019 



SAMPLE DATE 4-Mar-19 4-Mar-19 30-Apr-19 30-Apr-19 30-Apr-19 30-Apr-19 3-Jul-19 3-Jul-19 22-Oct-19 22-Oct-19 22-Oct-19 22-Oct-19 11-Dec-19 11-Dec-19

SAMPLE TYPE PR DUP RPD PR DUP RPD PR DUP RPD PR DUP RPD PR DUP RPD PR DUP RPD PR DUP RPD

LAB NAME AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT

PHYSICAL TESTS

pH - Lab pH 7.15 7.13 0 7.67 7.71 1 7.64 7.64 0 7.76 7.77 0 7.78 7.8 0 7.77 7.76 0 6.65 6.73 1

Conductivity - Lab μS/cm 153 154 1 1360 1360 0 1260 1270 1 443 442 0 488 488 0 426 427 0 147 147 0

Total Hardness (CaCO3) mg/L 38 38 0 443 424 4 388 392 1 147 142 3 169 174 3 150 150 0 35 35 0

Total Dissolved Solids mg/L 88 82 7 685 700 2 608 618 2 292 300 3 265 268 1 222 255 14 92 108 16

DISSOLVED ANIONS

Alkalinity - Total mg/L CaCO3 33 31 6 603 598 1 559 563 1 88 89 1 197 201 2 171 168 2 25 29 15

Chloride mg/L 22.5 22.8 1 72.3 72.1 0 75.6 67.4 11 46.6 46.6 0 25.5 25.5 0 21 21 0 22.9 22.8 0

Sulphate mg/L 4.1 4.1 0 3.6 3.6 0 9.4 9.5 1 54.2 54.2 0 11.9 11.9 0 13.2 13.1 1 7.6 7.6 0

NUTRIENTS

Ammonia Nitrogen mg/L as N 0.18 0.18 0 34.9 39.8 13 35.3 30 16 <0.01 0.01 6.1 6.1 0 6.1 5.5 10 0.06 0.05 18

Nitrate Nitrogen mg/L as N 0.576 0.568 1 1.97 1.96 1 0.334 0.348 4 <0.005 <0.005 0.288 0.295 2 0.688 0.69 0 0.3 0.31 3

Total Phosphorus mg/L as P 0.009 0.009 0 0.024 0.024 0 0.098 0.102 4 0.138 0.144 4 0.022 0.022 0 0.049 0.041 18 0.034 0.032 6

POLLUTANT TESTS

Chemical Oxygen Demand mg/L as O 20 18 11 67 71 6 75 78 4 73 75 3 50 48 4 53 54 2 26 20 26

Biochemical Oxygen Demand mg/L as O <4 <4 <4 <4 5 5 0 9 11 20 7 <4 9 8 12 <4 <4

TOTAL METALS

Aluminum mg/L 0.267 0.213 23 0.079 0.073 8 0.117 0.117 0 0.81 0.48 51 0.134 0.14 4 0.632 0.667 5 1.63 1.58 3

Arsenic mg/L 0.0002 0.0002 0 - - - - - - - - 0.0008 0.0008 0 0.0006 0.0001 143

Barium mg/L 0.0063 0.0059 7 - - - - - - - - 0.0256 0.0247 4 0.0126 0.0128 2

Boron mg/L 0.043 0.044 2 - - - - - - - - 0.295 0.289 2 0.084 0.078 7

Cadmium mg/L <0.00001 <0.00001 - - - - - - - - 0.00002 0.00003 40 <0.00001 <0.00001

Chromium mg/L <0.0005 <0.0005 - - - - - - - - 0.0014 0.0013 7 0.0024 0.0024 0

Copper mg/L <0.0005 0.0005 - - - - - - - - 0.0058 0.0039 39 0.0027 0.0047 54

Iron mg/L 0.4 0.3 29 3.96 3.81 4 19.7 20.1 2 2.33 1.07 74 1.38 1.38 0 1.83 1.77 3 3.61 3.49 3

Lead mg/L 0.00007 <0.00005 - - - - - - - - 0.00045 0.00042 7 0.00037 0.00041 10

Manganese mg/L 0.02 0.011 58 3.1 3 3 2.61 2.69 3 1.65 0.929 56 0.17 0.173 2 0.382 0.382 0 0.15 0.146 3

Mercury mg/L <0.01 <0.01 - - - - - - - - 0.01 0.01 0 0.01 0.01 0

Nickel mg/L 0.0007 0.0007 0 - - - - - - - - 0.0021 0.0021 0 0.0011 0.0013 17

Selenium mg/L <0.0005 <0.0005 - - - - - - - - <0.0005 <0.0005 <0.0005 <0.0005

Zinc mg/L <0.005 <0.005 - - - - - - - - 0.011 0.009 20 <0.005 <0.005

5 1 2 7 1 6 11

0 0 0 0 0 0 0

58 13 16 74 4 40 143

H:\Project\1576\Chem\2019\[QAQC Dups-2019.xlsx]Table C-1

NOTES: 

 "-" denotes parameter was not analyzed.

PR = primary sample

DUP = duplicate sample

RPD = relative percent difference

SW-11

TABLE C-1

SUMMARY OF DUPLICATE SAMPLE RESULTS

2019
SW-1

UNITS

SW-2 SW-4

RPD Max

RPD Min

RPD Average

SW-9 SW-8 SW-3

PITEAU ASSOCIATES

Geotechnical and Water Management Consultants



SAMPLE DATE 22-Oct-19 22-Oct-19

SAMPLE TYPE PR DUP RPD

LAB NAME AGAT AGAT

HALOGENATED VOLATILES

Bromodichloromethane μg/L <1 <1 -

Bromoform μg/L <1 <1 -

Bromomethane μg/L <1 <1 -

Carbon Tetrachloride μg/L <0.5 <0.5 -

Chlorobenzene μg/L <1 <1

Chloroethane μg/L <1 <1 -

Chloroform μg/L <1 <1 -

Chloromethane μg/L <1 <1 -

Dibromochloromethane μg/L <1 <1

1,2-Dibromoethane μg/L <0.3 <0.3 -

1,2-Dichlorobenzene μg/L <0.5 <0.5 -

1,3-Dichlorobenzene μg/L <0.5 <0.5 -

1,4-Dichlorobenzene μg/L <0.5 <0.5

1,1-Dichloroethane μg/L <1 <1 -

1,2-Dichloroethane μg/L <1 <1 -

1,1-Dichloroethylene μg/L <1 <1

cis-1,2-Dichloroethylene μg/L <1 <1 -

trans-1,2-Dichloroethylene μg/L <1 <1 -

Dichloromethane μg/L <1 <1 -

1,2-Dichloropropane μg/L <1 <1 -

1,1,2,2-Tetrachloroethane μg/L <0.8 <0.8 -

Tetrachloroethylene μg/L <1 <1 -

1,1,1-Trichloroethane μg/L <1 <1 -

1,1,2-Trichloroethane μg/L <1 <1 -

Trichloroethylene μg/L <1 <1 -

Trichlorofluoromethane μg/L <1 <1 -

Vinyl Chloride μg/L <1 <1 -

NON-HALOGENATED VOLATILES

Benzene μg/L <0.5 <0.5 -

Ethylbenzene μg/L <0.5 <0.5 -

Styrene μg/L <0.5 <0.5 -

Toluene μg/L <0.5 <0.5 -

Xylenes μg/L <1 <1 -

N/A

N/A

N/A

H:\Project\1576\Chem\2019\[QAQC Dups-2019.xlsx]Table C-2

NOTES: 

PR = primary sample

DUP = duplicate sample

RPD = relative percent difference

RPD Max

SW-3

TABLE C-2

SUMMARY OF DUPLICATE SAMPLE RESULTS: SW-3 VOC SCAN 2019

UNITS

RPD Average

RPD Min

PITEAU ASSOCIATES

Geotechnical and Water Management Consultants
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TABLE D-1
SUMMARY OF 2019 OVERFLOW EVENTS

Date Overflow 
Started

Duration of 
Event1

Sample
Collected

Precipitation over Preceding 
Five Days (mm)

Precipitation over Preceding Five Days and 
Period of Overflow Event (mm) 2

02-Jan-19 40 hours no 59.5 245.9
5-Feb-19
(morning) 13 hours no 56.8 56.8

5-Feb-19
(evening) 13 hours no 56.8 56.8

07-Feb-19 2 hours no 1 1.4
09-Feb-19 14 hours no 4.6 5.4
10-Feb-19 16 hours no 4.6 11.4
13-Feb-19
(morning) 12 hours no 22.8 22.8

13-Feb-19
(evening) 16 hours no 22.8 37.6

26-Feb-19 3 hours no 19.6 19.6
27-Feb-19 11 hours no 9 9.4
08-Mar-19 2 hours no 1.2 1.2
16-Nov-19 26 hours no 97.8 284.6
28-Nov-19 4 days no 17.2 17.8
18-Dec-19 5 hours no 96 114.1
20-Dec-19 6 hours no 137.9 182.5
21-Dec-19 11 hours no 181.9 197.1
31-Dec-19 21 hours no 125.8 171.6

Notes: H:\Project\1576\WL_Monitoring\[Pond_Overflow_SW-1.xlsx]Overflow summary_2019

2. Precipitation measured by Environment Canada at Tofino Airport Climate Station.
1. Duration of event estimated from water level in overflow pipe measured by Solinst Levelogger.

PITEAU ASSOCIATES
Geotechnical and Water Management Consultants



TABLE D-2

WATER CHEMISTRY SUMMARY FOR OVERFLOW EVENTS - PHYSICAL TESTS, ANIONS AND NUTRIENTS,

AND AGGREGATE ORGANICS

Aquatic Life

(FWAL)
1

(30 day)

Aquatic Life

(FWAL)
1 

 (Max) 

26-Mar-15 31-Mar-15 15-Feb-17 30-Nov-17 2-Nov-18 16-Nov-18 15-Feb-17 30-Nov-17 2-Nov-18 16-Nov-18 15-Feb-17 30-Nov-17 2-Nov-18 16-Nov-18

Length of Overflow Event based on datalogger record 25 hours 4 days 3 days 24 days 21 hours 9 hours 3 days 24 days 21 hours 9 hours 3 days 24 days 21 hours 9 hours

PHYSICAL TESTS

Conductivity uS/cm - - 307 379 464 437 460 490 93 391 291 190 138 89 44 52

Total Hardness mg/L - - 113 160 160 141 154 165 25 132 90 54 43 24 10 12

pH pH - - 8.21 8.13 7.43 7.65 7.68 7.57 6.92 7.65 7.51 7 6.94 6.96 5.98 6.36

Total Dissolved Solids mg/L - - 191 218 255 229 250 255 90 203 165 115 108 55 40 55
ANIONS AND NUTRIENTS

Alkalinity mg/L - - 135 184 175 166 166 181 31 149 89 40 45 25 6 7

Ammonia mg/L 1.84 20.5 3.74 6.26 7.66 0.58 6.66 7.66 0.97 1.42 1.81 0.19 1.25 1.3 0.01 <0.01

Chloride mg/L 150 600 10.4 14.7 24.2 23.5 23.5 25.2 7.41 22.5 20.5 19.3 10.6 10 6.46 7.02

Nitrate as N mg/L 3 32.8 0.287 0.164 0.564 0.259 0.498 1.14 0.269 0.237 1.2 2.66 0.541 0.111 0.098 0.225

Nitrite as N mg/L 3.7 - ---- ---- 0.019 ---- ---- ---- <0.005 ---- ---- ---- 0.007 ---- ---- ----

Phosphorus mg/L - - 0.0215 0.0199 0.148 0.062 0.078 0.101 0.02 0.047 0.072 0.019 0.043 0.014 0.017 0.012

Sulfate
4

mg/L 309 - 8.75 12.8 21.5 14.2 21.8 23.6 3.2 13.2 15.4 9.6 5.2 3.2 1.8 2.5

AGGREGATE ORGANICS

BOD mg/L - - 3.3 8 31 19 24 18 <4 10 <4 <4 <4 <4 <4 <4

COD mg/L - - 37 45 114 55 91 56 49 44 47 28 37 <10 61 46

Notes:

H:\Project\1576\Chem\Overflow\2019\[1576_OverflowEvents_ChemistrySummary.xls]TABLE D-2

1. FWAL = Fresh Water Aquatic Life Approved 

2. Bolding denotes parameters which exceed maximum FWAL water quality criteria.

3. Italics denotes parameters which exceed 30 day average FWAL water quality criteria.

4. FWAL guideline for indicated parameter changes with hardness.  Water quality criteria was calculated with a hardness of 100 mg/L CaCO3.

5. "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.

5. FWAL guideline for indicated parameter changes with pH < 6.5.

PARAMETERS UNITS

RECEIVING WATER 

CRITERIA
SW-1 Sampling During Overflow EventSW-11 Sampled During Overflow EventSW-3 Overflow

PITEAU ASSOCIATES 

Geotechnical and Water Management Consultants



TABLE D-3

WATER CHEMISTRY SUMMARY FOR OVERFLOW EVENTS - TOTAL METALS

Aquatic Life

(FWAL)
1

(30 day)

Aquatic Life

(FWAL)
1 

 (Max) 

26-Mar-15 31-Mar-15 15-Feb-17 30-Nov-17 2-Nov-18 16-Nov-18 15-Feb-17 30-Nov-17 2-Nov-18 16-Nov-18 15-Feb-17 30-Nov-17 2-Nov-18 16-Nov-18

Length of Overflow Event based on datalogger record 25 hours 4 days 3 days 24 days 21 hours 9 hours 3 days 24 days 21 hours 9 hours 3 days 24 days 21 hours 9 hours

TOTAL METALS

Aluminum
5

mg/L 0.05 0.1 1.03 0.378 4.16 1.49 2.07 1.83 0.699 0.867 1.32 0.975 1.27 0.474 0.456 0.344

Antimony mg/L - - <0.00050 <0.00050 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005

Arsenic mg/L 0.005 0.005 0.00083 0.00074 0.0018 0.001 0.0015 0.0015 0.0002 0.0008 0.0008 0.0005 0.0004 0.0002 0.0001 0.0001

Barium mg/L 1 5 0.028 0.037 0.0414 0.038 0.0427 0.0383 0.0059 0.0319 0.0221 0.0135 0.0114 0.0067 0.0036 0.003

Beryllium mg/L - - <0.0010 <0.0010 0.00006 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005

Boron mg/L 1.2 1.2 0.18 0.24 0.27 0.219 0.276 0.312 0.047 0.198 0.199 0.118 0.076 0.041 0.021 0.02

Cadmium
4

mg/L 0.0002 0.0002 0.0000906 0.0000698 0.00009 0.00003 0.0001 0.00008 <0.00001 0.00002 0.00007 0.00001 <0.00001 <0.00001 <0.00001 <0.00001

Calcium mg/L - - 40.5 54.6 52.3 46.7 50.1 54.4 7.91 43.5 27.6 15.7 13.1 7 2.47 3.19

Chromium mg/L 0.001 0.001 0.0017 0.0011 0.0067 0.0029 0.0035 0.0029 0.0011 0.0019 0.0022 0.0017 0.0021 0.0008 0.0006 <0.0005

Cobalt mg/L - - 0.00109 0.00114 0.00429 0.00156 0.00246 0.00266 0.00038 0.00136 0.00068 0.00053 0.0006 0.00027 0.0002 0.00016

Copper
4

mg/L 0.0040 0.0960 0.0045 0.0026 0.0125 0.0051 0.0086 0.0081 0.0015 0.0038 0.0049 0.0026 0.0028 0.001 0.001 0.0009

Iron mg/L 1 1 3.83 6.06 7.95 3.92 5.71 4.81 0.94 2.49 3.1 2.27 2.03 0.64 0.47 0.34

Lead
4

mg/L 0.0065 0.0816 0.0011 <0.00050 0.00175 0.00089 0.00132 0.00132 0.00022 0.00055 0.00062 0.00032 0.00043 0.00017 0.0002 0.00012

Lithium mg/L - - 0.0013 0.0012 0.0028 0.0015 0.0013 0.0008 <0.0005 0.0012 0.0006 <0.0005 0.0006 0.0009 <0.0005 <0.0005

Magnesium mg/L - - 3.7 4.57 7.05 6 7 7.13 1.37 5.74 5.16 3.5 2.38 1.5 1 1.1

Manganese
4

mg/L 1.3 2.2 0.568 1.05 1.11 1.01 0.949 0.987 0.092 1.08 0.112 0.095 0.086 0.152 0.011 0.008

Mercury
6

mg/L <0.01 <0.01 0.019 <0.01 0.02 <0.01 0.021 <0.01 0.02 <0.01 0.026 <0.01 0.03 0.01

Molybdenum mg/L - - <0.0010 <0.0010 0.0003 0.0002 0.0003 0.0003 <0.0001 0.0002 0.0002 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Nickel
4

mg/L 0.04 0.04 0.0026 0.0024 0.0091 0.0031 0.0047 0.0047 0.001 0.0025 0.0021 0.0013 0.0016 0.0006 0.0005 0.0005

Potassium mg/L - - 4.6 6.1 7.4 7.2 8.5 8.3 1.3 6.7 5.4 3.1 2.1 1.4 0.6 0.6

Selenium
7

mg/L 0.002 n/a 0.000135 0.000058 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005

Silver mg/L - - <0.000020 <0.000020 <0.0002 <0.0002 <0.0001 <0.0001 <0.0002 <0.0002 <0.0001 <0.0001 <0.0002 <0.0002 <0.0001 <0.0001

Sodium mg/L - - 11.1 14.9 20.8 20 23 22.9 5.5 19.3 18.1 15.3 8.3 6.9 5.3 5.3

Thallium mg/L - - <0.00020 <0.00020 0.00002 <0.00002 0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002

Tin mg/L - - <0.00050 <0.00050 - - 0.00015 0.00015 - - 0.00011 0.00006 - - 0.00005 <0.00005

Titanium mg/L - - 0.05 0.024 0.181 0.081 0.091 0.101 0.043 0.046 0.069 0.059 0.056 0.029 0.017 0.018

Uranium mg/L - - <0.00020 <0.00020 0.00011 0.00005 0.00009 0.00009 0.00002 0.00004 0.00004 0.00003 0.00003 0.00001 0.00001 0.00001

Vanadium mg/L - - 0.00307 0.00143 0.013 0.004 0.007 0.006 0.003 0.003 0.005 0.005 0.005 0.001 0.001 0.001

Zinc
4

mg/L 0.0150 0.0405 0.0212 0.0188 0.114 0.015 0.039 0.03 0.007 0.012 0.015 <0.005 0.011 <0.005 <0.005 <0.005

Notes:
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1. FWAL = Fresh Water Aquatic Life Approved 

2. Bolding denotes parameters which exceed maximum FWAL water quality criteria.

3. Italics denotes parameters which exceed 30 day average FWAL water quality criteria.

4. FWAL guideline for indicated parameter changes with hardness.  Water quality criteria was calculated with a hardness of 100 mg/L CaCO3.

5. FWAL guideline for indicated parameter changes with pH < 6.5.

6. FWAL guideline for indicated parameter changes with ratio MeHg/THg.

7. Selenium alert concentration is 0.001 mg/L. Guideline is 0.002 mg/L.

8. "-" denotes parameter was not analysed, or a receiving water criteria was not applicable.

SW-1 Sampling During Overflow Event

PARAMETERS UNITS

RECEIVING WATER 

CRITERIA
SW-3 Overflow SW-11 Sampled During Overflow Event

PITEAU ASSOCIATES

Geotechnical and Water Management Consultants



TABLE D-4

WATER CHEMISTRY SUMMARY FOR OVERFLOW EVENTS - VOLATILE ORGANICS

SW-11 

Overflow

SW-1 

Overflow

Aquatic Life

(FWAL)
1

(30 day)

Aquatic Life

(FWAL)
1 

 (Max) 

15-Feb-17 30-Nov-17 16-Nov-18 16-Nov-18 16-Nov-18

Length of Overflow Event based on datalogger record 3 days 24 days 9 hours 9 hours 9 hours

VOLATILE ORGANICS

Benzene µg/L 40 40 <0.5 <0.5 <0.5 <0.5 <0.5

Bromodichloromethane µg/L - - <1 <1 <1 <1 <1

Bromoform µg/L - - <1 <1 <1 <1 <1

Carbon Tetrachloride µg/L 13.3 13.3 <0.5 <0.5 <0.5 <0.5 <0.5

Chlorobenzene µg/L 1.3 1.3 <1 <1 <1 <1 <1

Dibromochloromethane µg/L - - <1 <1 <1 <1 <1

Chloroethane µg/L - - <1 <1 <1 <1 <1

Chloroform µg/L 1.8 1.8 <1 <1 <1 <1 <1

Chloromethane µg/L - - <1 <1 <1 <1 <1

1,2-Dichlorobenzene µg/L 0.7 0.7 <0.5 <0.5 <0.5 <0.5 <0.5

1,3-Dichlorobenzene µg/L 150 150 <0.5 <0.5 <0.5 <0.5 <0.5

1,4-Dichlorobenzene µg/L 26 26 <0.5 <0.5 <0.5 <0.5 <0.5

1,1-Dichloroethane µg/L - - <1 <1 <1 <1 <1

1,2-Dichloroethane µg/L 100 100 <1 <1 <1 <1 <1

Dichloromethane µg/L 98.1 98.1 <1 <1 <1 <1 <1

1,2-Dichloropropane µg/L - - <1 <1 <1 <1 <1

Ethylbenzene µg/L 200 200 <0.5 <0.5 <0.5 <0.5 <0.5

Methyl t-butyl ether µg/L 3400 3400 <1 <1 <1 <1 <1

Styrene µg/L 72 72 <0.5 <0.5 <0.5 <0.5 <0.5

1,1,1,2-Tetrachloroethane µg/L - - <1 <1 <1 <1 <1

1,1,2,2-Tetrachloroethane µg/L - - <1 <0.8 <0.8 <0.8 <0.8

Toluene µg/L 0.5 0.5 <0.5 0.9 <0.5 <0.5 <0.5

1,1,1-Trichloroethane µg/L - - <1 <1 <1 <1 <1

1,1,2-Trichloroethane µg/L - - <1 <1 <1 <1 <1

Trichlorofluoromethane µg/L - - <1 <1 <1 <1 <1

Vinyl Chloride µg/L - - <1 <1 <1 <1 <1

ortho-Xylene µg/L 30 30 <0.5 <0.5 <0.5 <0.5 <0.5

m&p-Xylene µg/L 30 30 <0.5 <0.5 <0.5 <0.5 <0.5

Xylenes µg/L 30 30 <1 <1 <1 <1 <1

Surrogate: 4-Bromofluorobenzene (SS) % - - 92 91 108 89 96

Notes:
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1. FWAL = Fresh Water Aquatic Life Approved and Working 

2. Bolding denotes parameters which exceed maximum FWAL water quality criteria.

3. Italics denotes parameters which exceed 30 day average FWAL water quality criteria.

4. FWAL guideline for indicated parameter changes with hardness.  Water quality criteria was calculated with a hardness of 125 mg/L CaCO3

PARAMETERS UNITS

RECEIVING WATER CRITERIA SW-3 Overflow

PITEAU ASSOCIATES 

Geotechnical and Water Management Consultants
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ALBERNI-CLAYOQUOT REGIONAL DISTRICT
WATER QUALITY MONITORING PROGRAM
WEST COAST LANDFILL, UCLUELET, B.C.

TIME SERIES PLOT OF WATER LEVELS AND
SELECTED LEACHATE INDICATOR CONCENTRATIONS
AT SW-1, SW-3 AND LEACHATE POND OVERFLOW D-1

1-Jan-14 1-Jan-15 1-Jan-16 1-Jan-17 1-Jan-18 1-Jan-19 1-Jan-20

0

4

8

12

16

20

C
O

N
C

EN
TR

AT
IO

N
 (m

g/
L)

TOTAL IRON

0

4

8

12

16

20

C
O

N
C

EN
TR

AT
IO

N
 (m

g/
L)

AMMONIA

0

20

40

60

80

100

C
O

N
C

EN
TR

AT
IO

N
 (m

g/
L)

CHLORIDE

0

1

2

3

4

5
W

AT
ER

 L
EV

EL
 (m

)

0

50

100

150

200

250

D
AI

LY
 P

R
EC

IP
IT

AT
IO

N
 (m

m
)

LEVEL

30-day AVERAGE
FWAL - 1.84 mg/L

SHORT-TERM MAX
FWAL - 20.5 mg/L

FWAL - 1 mg/L

JM

Year
2015
2016
2017
2018
2019

Overflow
Events

11
20
18
21
17


	RECORD OF AMENDMENTS
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF APPENDICES
	1. INTRODUCTION
	1.1 BACKGROUND
	1.2 HISTORY OF THE LANDFILL AND WATER QUALITY MONITORING
	1.3 SOURCES OF INFORMATION

	2. DESCRIPTION OF THE MONITORING PROGRAM
	2.1 SAMPLING LOCATIONS
	2.2 MONITORING FREQUENCY AND PARAMETERS
	2.2.1 New FWAL Guideline

	2.3 QUALITY ASSURANCE/QUALITY CONTROL

	3. LEACHATE FLOW PATHS
	3.1 SURFACE WATER
	3.2 GROUNDWATER

	4. DISCUSSION OF SAMPLING RESULTS
	4.1 COLLECTED LEACHATE QUALITY
	4.1.1 SW-2, SW-3 and SW-4

	4.2 LEACHATE IRRIGATION WATER RECEIVING AREA AND WEST LANDFILL BOUNDARY
	4.2.1 SW-8 and SW-9
	4.2.2 SW-6

	4.3 SOUTHWEST AND SOUTH LANDFILL BOUNDARIES
	4.3.1 SW-11
	4.3.2 SW-5
	4.3.3 SW-12
	4.3.4 SW-13

	4.4 BACKGROUND CREEKS
	4.4.1 SW-7
	4.4.2 SW-10 Background
	4.4.3 SHC East Tributary

	4.5 RECEIVING CREEKS
	4.5.1 SW-10 Upstream
	4.5.2 SW-10
	4.5.3 SW-1
	4.5.4 SHC (Sandhill Creek Upstream of Highway 4)

	4.6 GROUNDWATER MONITORING WELLS

	5. OVERFLOW EVENTS
	6. CONCLUSIONS
	6.1 LEACHATE COLLECTION SYSTEM
	6.2 IRRIGATION RECEIVING AREA
	6.3 SOUTH AND SOUTHWEST BOUNDARIES
	6.4 RECEIVING CREEK

	7. RECOMMENDATIONS
	7.1 WATER SAMPLING PROGRAM
	7.2 BACKGROUND SITES SAMPLING PROGRAM
	7.3 FLOW GAUGING AT SW-1 AND SW-11
	7.4 OPERATIONAL PUMPING AND MONITORING
	7.5 OVERFLOW EVENT SAMPLING
	7.6 PARTIAL CAPPING

	8. LIMITATIONS
	9. REFERENCES
	TABLES
	TABLE I - SUMMARY OF WEST COAST LANDFILL SAMPLING SITES AND ANALYTICAL SUITES - 2019 PROGRAM
	TABLE II - SUMMARY OF LEACHATE IMPACTS BASED ON MEAN 2019 CONCENTRATIONS
	TABLE III - SUMMARY OF 2019 EXCEEDANCES OF BC FWAL GUIDELINES
	FIGURES
	Figure 1 - Plan Showing Property Boundaries and Sampling Locations
	APPENDIX A - MONITORING DATA TABLES
	TABLE A-1
	TABLE A-2
	TABLE A-3
	TABLE A-4
	TABLE A-5
	TABLE A-6
	TABLE A-7
	TABLE A-8
	TABLE A-9
	TABLE A-10
	TABLE A-11
	TABLE A-12
	TABLE A-13
	TABLE A-14
	TABLE A-15
	TABLE A-16
	TABLE A-17
	TABLE A-18a
	TABLE A-18b
	APPENDIX B - MONITORING DATA PLOTS
	B-1
	B-2
	B-3
	B-4
	B-5
	B-6
	B-7
	B-8
	B-9
	B-10
	B-11
	B-12
	B-13
	B-14
	B-15
	B-16
	B-17
	B-18
	APPENDIX C - MONITORING DATA TABLE FOR 2019 DUPLICATE SAMPLES
	TABLE C-1
	TABLE C-2
	APPENDIX D - OVERFLOW EVENTS DATA
	TABLE D-1
	TABLE D-2
	TABLE D-3
	TABLE D-4
	Fig D-1



