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ABSTRACT 
 
 Peninsula Streams Society (PSS) conducted a program of water quality sampling, 
analysis and reporting for the Kirkpatrick Crescent stormwater outfall on behalf of the 
District of Central Saanich. Over the two and half years, Peninsula Streams Society staff 
and volunteers have sampled both water and sediment from the Kirkpatrick Crescent 
outfall. Water and sediment samples were also taken from other areas of the Keating 
Industrial Park during obvious pollution events. Significant chronic and acute 
bacteriological, nutrient, metals and hydrocarbon pollution was found. Continued business 
education and possible wetland construction are suggested as solutions for improving the 
Keating Industrial Park stormwater quality. 
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1.0 INTRODUCTION 
 

Two factors engendered this project: the revitalization of the Hagan Creek-KENNES 
Watershed Steering Committee (HCKWSC) and funding previously set aside by the 
District of Central Saanich for water quality monitoring of the Keating Industrial Park’s 
drainage into the Graham Creek watershed.  

Peninsula Streams, an umbrella organization providing technical support for groups 
such as HCKWSC, negotiated with the District of Central Saanich (DCS) to conduct water 
quality sampling and analysis for the Kirkpatrick Crescent stormwater outfall, as well as 
supporting water quality monitoring elsewhere in the watershed. Funding for this project 
resulted from DCS adopting recommendations of the Delcan (2003) Graham Creek 
Drainage Study. 

The information gathered in this project will become part of the data that the District 
of Central Saanich and watershed stakeholders will need for the Integrated Stormwater 
Management Planning process currently underway. As well, this baseline data can be used 
to gauge the relative success of pollution prevention and other stewardship activities over 
time.  

This is the third year of the program, spanning a total of thirty months. The strength 
of a monitoring program is using data collected over a long period of time to identify 
trends, note changes and confirm assumptions that a few observations might provide. 
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2.0 METHODS 
 

The water from Kirkpatrick Crescent Outfall (Figure A) was sampled approximately 
monthly between June 22, 2005 and December 31, 2007, approximately eight meters 
downstream of the drain pipe. Sediment immediately ahead of the Kirkpatrick Crescent 
outflow ditch was sampled on June 22, 2005; December 22, 2005; April 28, 2006; June 22, 
2006; October 25, 2006; August 2, 2007; October 4, 2007 and December 18, 2007. A 
sample for bacteriological source tracking was taken from the Kirkpatrick outfall on July 
19, 2006. 

As well, physical parameters were measured by HCKWSC volunteers and 
Peninsula Streams Society staff at the Kirkpatrick outfall and at five other sites in the 
Hagan-Graham Creeks Watershed (Figures B and C). The other sites are: Hagan Creek at 
the West Saanich Road graveyard (site 1), Hagan Creek at the end of Malcolm Road (site 
3), Graham Creek at the Cultra Road CRD water station (site 4), Graham Creek at the 
Stelly’s Road culvert (site 5) and above the confluence of Graham Creek and the 
Kirkpatrick ditch (site 6b).  

A water sample was taken from the East Keating outflow to Sandhill Creek (Figure 
D) on December 22, 2005. Also, water and sediment samples were taken from the Hi-Rise 
Salvage outflow to Sandhill Creek on December 22, 2005. On this date stormwater was 
noticed pouring off of the Hi-Rise Salvage Property (Figure D) onto the ground behind a 
curb defining West Corp.’s parking lot. There were significant hydrocarbons in this area 
which led to a storm drain at the north western corner of the lot.  Brian Shields and other 
District of Central Saanich staff attended with mop-up pads and booms and the Provincial 
Emergency Program was contacted.   

All samples were taken in accordance with Environment Canada procedures using 
sterile sampling containers supplied by MB Labs. Water and sediment samples were taken 
to MB Labs in Sidney where they were analysed in accordance with Environment Canada 
procedures. Fecal coliform, metals, ammonia, total extractable hydrocarbons (TEH) and 
polycyclic aromatic hydrocarbon (PAH) analysis was conducted on the water samples. 
Metals, TEH and PAH analysis was conducted on the sediment samples. Bacteriological 
source tracking analysis was undertaken by Environment Canada’s Pacific Environmental 
Science Center in North Vancouver. 

Precipitation data from the 48 hours surrounding data collection was gathered from 
Environment Canada and correlated with water and sediment analysis results. Analytical 
results were compared to appropriate water and sediment guidelines. These include: 
Canadian Council of Ministers of the Environment Canadian Environmental Quality 
Guidelines (CCME), BC Ministry of Environment Approved Water Quality Guidelines, BC 
Ministry of Environment Working Guidelines (for sediment and water), BC Contaminated 
Sites regulation (Schedule 4 and 6). Results that exceed the guideline are noted in red in the 
data tables. 
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2.1 SAMPLING SITES IN THE HAGAN-GRAHAM CREEK WATERS HED 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure A. Location of the Kirkpatrick outfall sampling site. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure B. Locations of Hagan-Graham Creek Watershed sampling sites 1, 3, 4 and 5. 
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Figure C. Location of Hagan-Graham Creek Watershed sampling site 6b (Kersey) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure D. Location of Hi-Rise Salvage sampling site and East Keating outfall sampling 
site. 
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3.0 RESULTS 
 
3.1 KIRKPATRICK OUTFALL – WATER ANALYSIS SUMMARY  
 
 Water was sampled thirty-three times between June 22, 2005 and December 31, 
2007. During this time the fecal coliform concentration was above the maximum safe 
swimming guideline of 200 CFU/100ml twenty-eight times. Fecal coliform concentration 
ranged from a low of 52 CFU/100ml to 396800 CFU/100ml (Figure 1, Table 1).   
 A sample taken for bacteriological source tracking on July 19, 2006 indicated that 
the source of fecal coliforms at the Kirkpatrick storm drain outfall was potentially from 
humans, ruminants and pigs.  One out of two DNA markers was present for each of these 
organisms in the water sample. 
 Total ammonia concentration never exceeded the BC Ministry of the Environment 
water quality guidelines sampling dates (figure 2, Table 2). This guideline is dependent on 
both pH and water temperature. It was not possible to calculate the water quality guideline 
limit for some dates as on several occasions water temperature and pH were not measured.  

In the sampled water the following metals were chronically above their associated 
CCME water quality guideline: cadmium, iron, manganese, phosphorus, zinc and copper 
(Figures 3-8, Tables 3-8).  

Water was sampled for TEH on twenty-eight occasions and PAH on twenty-three 
occasions at the Kirkpatrick Crescent stormwater outfall. The concentration of TEH 
exceeded schedule 6 of the Provincial Contaminated sites regulation limit of 0.5 mg/l in 
eighteen of twenty-eight samples between June 22, 2005 and December 31, 2007 (Figure 9, 
Table 9). TEH concentration ranged from a low of 0 mg/l to a high of 26.8 mg/l. 

While water was tested for PAH’s twenty-three times, PAH’s were only detected on 
six occasions: December 22, 2005; March 8, 2006; January 10, 2007; July 4, 2007; 
November 27, 2007 and December 18, 2007. There are currently no water quality 
guidelines for total PAH, only its constituents. On March 8, 2006 and July 4, 2007 the total 
PAH concentration was almost completely comprised of naphthalene (24.5 ug/l and 4.96 
ug/l respectively) at a level significantly greater then the CCME limit of 1.1 ug/l for the 
protection of aquatic life.   

Physical parameters were measured thirty-six times between June 22, 2005 and 
December 31, 2007. The measured physical parameters include water temperature, 
dissolved oxygen, conductivity, pH and turbidity. The measured parameters were usually 
within BC Approved or Working Water Quality Guidelines or EPA Water Quality Criteria. 
A summary of results and guidelines is presented in table 10. 
   
3.2 KIRKPATRICK OUTFALL – SEDIMENT ANALYSIS SUMMARY   
 

Sediments were sampled for metals immediately ahead of the culvert on the outflow 
ditch on eight times between June 22, 2005 and December 31, 2007. On all dates 
significant metal pollution was detected. In particular copper, lead, nickel and zinc 
concentrations were elevated above the CCME sediment quality guidelines (Figures 10 - 
14, Tables 11 - 15).    

Polycyclic aromatic hydrocarbons (PAH) were measured in the sediment on June 
22, 2006; September 20, 2006; October 25, 2006; August 2, 2007; October 4, 2007; 
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December 18, 2007. Constituent PAH’s only exceeded their respective guidelines on 
September 20, 2006; August 2, 2007 and October 4, 2007 (Table 16).   

Total extractable hydrocarbon (TEH) concentration in the sediment was measured 
on December 22, 2005; June 22, 2006; September 20, 2006; October 25, 2006; August 2, 
2007; October 4, 2007 and December 18, 2007 (Table 17). On August 2, 2007 and October 
4, 2007 the concentration of TEH, 1670 ug/g and 163000 ug/g respectively, exceeded the 
maximum sediment concentration as defined under schedule 4 of the Provincial 
Contaminated sites regulation (1000 ug).  

 
3.3 EAST KEATING OUTFLOW TO SANDHILL CREEK – WATER ANALYSIS 
SUMMARY  

 
On December 22, 2005 water was sampled from the East Keating stormwater outflow 

to Sandhill Creek, at the far corner of the BFI and West Corp. parking lots during a 
significant rain event. Fecal coliform concentration was above safe swimming guidelines 
but reasonably low at 600 CFU/100ml. Copper and iron exceeded guidelines while lead 
was only slightly less than the CCME guideline. Polycyclic aromatic hydrocarbons (34.3 
ug/l) and TEH (1.58 mg/l) were present but below guidelines.  
 
3.4 HI-RISE SALVAGE – WATER AND SEDIMENT ANALYSIS S UMMARY  
 

Water and sediment from the Hi-Rise Salvage outflow area to Sandhill Creek was 
sampled on December 22, 2005. In the water sample the following metals were found in 
concentrations exceeding CCME guidelines: cadmium, copper, iron, lead, and zinc (Table 
18). The concentration of TEH was 7500 ug/l, which is 15 times the guideline of 500 ug/l 
defined in schedule 6 of the Provincial Contaminated sites regulation.  

In the sediment, cadmium, copper, lead, silver, tin, and zinc were found in significant 
concentrations above the BC Ministry of Environment Interim Sediment Quality 
Guidelines (Table 19). The concentration of LEPH was 21470 ug/g, which is 21 times the 
contaminated sites guideline of 1000 ug/g. The concentration of HEPH was 8338 ug/g 
which is 8.3 times greater then the contaminated sites guideline of 1000 ug/g for sediment.  
 
3.5 ADDITIONAL HAGAN-GRAHAM CREEK SAMPLING SITES – WATER 
ANALYSIS SUMMARY  
 
 Water sampling took place at five additional sites in the Hagan-Graham Creek 
Watershed (Figures B and C). The measured physical parameters include water 
temperature, dissolved oxygen, conductivity, total dissolved solids, pH and turbidity.  
 
3.5.1 Hagan Creek at the West Saanich Road Graveyard – Site 1 
 
 Physical parameters were measured twenty-one times between June 22, 2005 and 
December 31, 2007 just downstream of the West Saanich Road Hagan Creek culvert (site 
1). A summary of physical results with applicable guidelines is presented in Table 20. The 
water quality at this site is generally good. However, during the summer months water 
temperatures either exceed or almost exceed the limit of 19°C. This is most likely the result 
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of the minimal riparian vegetation cover between the sampling site and 800m downstream 
of the Malcolm Road culvert (sampling site 3). 
  
3.5.2 Hagan Creek at the end of Malcolm Road – Site 3 
 
 Physical parameters were measured thirty-four times between June 22, 2005 and 
December 31, 2007 for Hagan Creek at the end of Malcolm Road (site 3). A summary of 
results and guidelines is presented in Table 21. This site generally maintained good water 
quality throughout the sampling period. However, similar to site 1, summer water 
temperatures often reach or exceed the limit of 19°C. Again there is only patchy riparian 
vegetation from this site onwards upstream. 
 
3.5.3 Graham Creek at the Cultra Road CRD water station – Site 4 
 
 Physical parameters were measured thirty-four times between June 22, 2005 and 
December 31, 2007 in Graham Creek at the Cultra Road CRD water station (site 4). A 
summary of results and guidelines is presented in Table 22. This site generally maintained 
good water quality throughout the sampling period. 
 
3.5.4 Graham Creek at the Stelly’s Road culvert – Site 5 
 
 Physical parameters were measured twenty-four times between June 22, 2005 and 
December 31, 2007 at the Graham Creek culvert under Stelly’s Road. A summary of results 
and guidelines is presented in Table 23. Summer dissolved oxygen content at this sampling 
site was chronically below the minimum level required to support aquatic life. During the 
summer month’s water temperature either exceeded or almost exceeded the maximum level 
for the protection of aquatic life.  
 
3.5.5 Graham Creek at Kersey Road – Site 6b 
 
 Physical parameters were measured thirty-one times between June 22, 2005 and 
December 22, 2007 above the confluence of the Kirkpatrick ditch and Graham Creek at the 
end of Kersey road. A summary of results and guidelines is presented in Table 24.  
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4.0 DISCUSSION  
 
 The upper eastern section of the Graham Creek watershed is significantly impacted 
by industrial activities and associated pollution stemming from the Keating Industrial Area. 
This pollution includes fecal coliforms, metals such as copper, cadmium, lead and zinc and 
hydrocarbons. These substances have associated human health risks and negatively impact 
aquatic life. For example cadmium causes the destruction of neural functioning, 
nephrotoxicity and inhibits the growth of fish (Wu et al. 2006).  
 Other areas of the Hagan-Graham Creek Watershed are impacted by the lack of 
adequate riparian vegetation cover and the absence of oxygenating pool-riffle complexes. 
Some of the consequences of high water temperature in fish include decreased resilience, 
weight loss, decreased gamete viability and the death of eggs and smolts (Richter and 
Kolmes 2005). Low dissolved oxygen concentrations can result in the death of salmonid 
embryos, increased toxicity of heavy metals to fish, and increased mortality of aquatic 
insects (Sliver et al. 1963; Voyer 1975; Nebeker 1972). 
 
4.1 KIRKPATRICK OUTFALL 
 

Of particular concern is the chronic nature of pollution in the Kirkpatrick outfall 
area. Cadmium, iron, manganese, phosphorus, zinc and copper levels were consistently 
elevated above their associated water quality guidelines. Such chronically elevated 
contaminant levels suggest a systemic failure of businesses in the Keating Industrial Park to 
properly manage hazardous materials.  

The concentration of fecal coliforms was consistently and significantly elevated 
above BC Approved Water Quality Guidelines for safe swimming and was considerably 
higher than would be expected in a stormwater outfall in an area having sanitary sewers. As 
noted in Delcan (2003), significantly elevated fecal coliform levels have been observed at 
the outfall throughout the 1990’s. This report also suggests that the source of highly 
elevated fecal coliform levels in the Kirkpatrick outfall may be due to the cross connection 
of the storm drain system and sanitary system, direct sanitary system connections or the 
discharge from industries having high organic effluent (Delcan, 2003). A single sample was 
submitted for bacterial source tracking but the results were not conclusive. We recommend 
that Peninsula Streams Society work with District of Central Saanich staff to try to isolate 
the source of this pollution. 

The establishment of a flow volume monitoring device at the outlet of the 
Kirpatrick outfall by DCS in conjunction with the ISMP will be an important element in the 
interpretation of future data from this site.  Data from other flow monitoring stations 
established by the ISMP project team will be incorporated into future reports.  

 
4.2 HI-RISE SALVAGE AND EAST KEATING OUTFALL TO SAN DHILL CREEK 
 

The observed pollution events at Hi-Rise Salvage and the East Keating outflow to 
Sandhill Creek were associated with a high precipitation event. Significant contaminant 
levels were measured in the water and sediment of both sites. As continuous monitoring has 
not taken place at either of these sites it is difficult to determine if these represent long term 
problems or one time events. However, as these events were associated with high 



 12 

precipitation it is probable that similar pollution events may take place during periods of 
high precipitation.  

After the discovery of the pollution discharges, the owner and tenant of the Hi-Rise 
Salvage property undertook a significant clean up of the yard area. They also repaired the 
oil-water separator, improved their waste management practices and sought further expert 
advice on waste management practices. 

 
4.3 ADDITIONAL HAGAN-GRAHAM CREEK SAMPLING SITES  
 
 With the exception of site five, Graham Creek at the Stelly’s Road culvert, water 
quality at the additional water sampling sites within the Hagan-Graham Creeks watershed is 
generally acceptable. In general the physical parameters such as dissolved oxygen content, 
water temperature, pH, and conductivity are within acceptable limits. Some sites do 
experience summer water temperatures that exceed or almost exceed the maximum water 
temperature limit. Anthropogenic influences found in the Hagan-Graham Watershed such 
as stream channel simplification and riparian vegetation removal can alter normal stream 
temperature regimes (Richter and Kolmes 2005).  
 At site five, Graham Creek at the Stelly’s Road Culvert, dissolved oxygen content 
was often lower then the minimum level required to sustain aquatic life. There are several 
factors that are likely to lead to such conditions. There are no elevational drops (i.e. pool 
and riffle complexes) for a significant distance upstream of the sample site. Such stream 
features increase water circulation and the surface area of the water-air boundary allowing 
greater oxygenation.  
 Warm water is able to hold less oxygen than cooler water (Richter and Kolmes 
2005). While water temperatures at this site did not strictly exceed the water temperature 
guideline they were nonetheless consistently warm enough to impact on dissolved oxygen 
content. High water temperature at this site likely results from the dearth of riparian 
vegetation from the sampling site upstream to Site 6B (Kersey Road).  
 Finally, inputs of organic matter results in eutrophication of water. This is 
consistent with observations of large amounts of duck weed and filamentous algae at and 
upstream of the sampling site. Bacterial decomposition of organic matter places a heavy 
oxygen demand on fresh water systems leading to anoxic conditions. Agricultural fertilizers 
are likely a major contributing factor to the high concentration of duck weed and algae. 

 
4.4 CONCLUSIONS 

 
As noted in Delcan (2003), no point-source pollution was found coming from the 

Kirkpatrick Crescent area. However, if appropriate pollution control measures are not 
maintained some industries may create significant pollution. Significant pollution 
discharges may also occur inadvertently if businesses are unaware of the endpoint of water 
discharges. The now completed Keating Industrial Park Water Quality Initiative, a 
Peninsula Streams Society stewardship initiative funded by the District of Central Saanich 
and Environment Canada, identified several stormwater knowledge issues relating to catch 
basin maintenance, oil-water separators and storm drain connectivity. Businesses were 
often either unaware of the need for catch basin maintenance or are not sure with whom the 
responsibility for catch basin maintenance lies (Peninsula Streams Society 2006). Other 
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businesses with oil-water separators use detergents or degreasers as a part of their work. 
Such substances emulsify oil based contaminants allowing them to flow through the 
separator. Also, some businesses were simply unaware that drains were connected to the 
storm drain system and not to the sewer system (Peninsula Streams Society 2006). Finally 
the worst polluters may not have participated in the Keating Industrial Park Water Quality 
Initiative.  

DCS is considering adopting the CRD Stormwater Bylaw – if so, this will provide 
funding for source tracking and enforcement activities. 

Stewardship initiatives such as the Keating Industrial Park Water Quality Initiative 
are important for the long term reduction of pollution. However, the effects of stewardship 
initiatives on water quality are not immediate and there may be a considerable lag time 
before positive effects on water quality are detected. Other means must be used to more 
immediately reduce pollution and remediate already contaminated water and sediments. 
Constructed wetlands are capable of cleaning up chronic pollution. They also act as a buffer 
between acute spill events and downstream areas.  The ISMP process may determine that a 
constructed wetland downstream of the Kirkpatrick Outfall is a desirable feature. 
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5.0 RECOMENDATIONS 
 
 Peninsula Streams Society recommends that the District of Central Saanich 
undertake the following: 

1. Continue monitoring contaminants in the water and sediment at the 
Kirkpatrick outfall. 

2. Begin monitoring of contaminants in the water and sediment of other 
areas of the Keating Industrial Park. This should include the area of the 
East Keating outfall to Sandhill Creek and other areas of interest. 

3. Investigate the origin of chronic contamination and acute spill events. 
4. Continue with public education and awareness projects such as the 

Keating Industrial Park Water Quality Initiative.  
5. Continue to work with businesses to improve hazardous material handling 

and discarding practices. 
6. Investigate the feasibility of constructing a wetland to clean contaminated 

stormwater downstream of the Kirkpatrick outfall and act as a buffer 
between catastrophic spill events and downstream areas. 

7. Investigate the feasibility of constructing a wetland to clean contaminated 
stormwater downstream of the East Keating stormwater outfall and act as 
a buffer between catastrophic spill events and downstream areas. 

8. Work with landowners to educate them on the problems associated with 
depositing organic matter in creeks and other fresh water bodies. 

9. Investigate the feasibility of restoring Graham Creek upstream of the 
culvert under Stelly’s Road (site five), with a view to improving the 
ecological functioning of this reach. 

10. Work to educated landowners on the importance of riparian vegetation 
and stream features such as large woody debris and pool-riffle complexes 
to stream ecosystem health. 

11. Implement recommendations of the ISMP process as soon as fiscally 
possible. 

12. Adopt the CRD Stormwater Bylaw. 
13.           Maintain water flow gauging stations established by the ISMP team.  
 
 

 
________________________ 
Christina Ball BSc. 
Peninsula Streams Society 
 
 
 
______________________________ 
Supervised by 
Ian Bruce, BSc. Dip. R.N.S., R.P.Bio 
Executive Coordinator 
Peninsula Streams Society 
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7.0 FIGURES AND TABLES 
 
7.1 KIRCKPATRICK CRESCENT WATER QUALITY  
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Figure 1. Concentration of fecal coliforms in the water from the Kirkpatrick Crescent 
stormwater outfall between June 22, 2005 and December 31, 2007 with associated water 
quality guideline. 
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Table 1. Concentration of fecal coliforms in the water from the Kirkpatrick Crescent 
stormwater outfall between June 22, 2005 and December 31, 2007 with associated water 
quality guideline. Results in red exceeded the guideline. 

Date 

Fecal 
Coliform 

(CFU/100ml)  

Guideline (safe 
swimming) 

200CFU/100mL 

48 hour 
Precipitation 

(mm) 

22-Jun-05 14400 200 3.2 
05-Jul-05 280000 200 11.0 
16-Aug-05 2016 200 0.0 
17-Aug-05 288000 200 21.0 
21-Sep-05 1200 200 0.0 
20-Oct-05 3600 200 2.0 
27-Oct-05 12000 200 0.0 
10-Nov-05 4200 200 3.2 
09-Dec-05 159 200 0.0 
22-Dec-05 9400 200 13.0 
17-Feb-06 1600 200 0.0 
08-Mar-06 18400 200 17.4 
28-Apr-06 1000 200 0.2 
17-May-06 52 200 0.0 
09-Jun-06 26533 200 22.8 
22-Jun-06 136 200 0.0 
19-Jul-06 800 200 0.0 
10-Aug-06 11314 200 2.2 
20-Sep-06 28000 200 9.1 
25-Oct-06 8600 200 3.0 
04-Dec-06 1600 200 3.2 
19-Dec-06 174 200 10.2 
10-Jan-07 274 200 14.3 
06-Feb-07 92 200 0.2 
20-Mar-07 1200 200 6.0 
17-Apr-07 600 200 6.8 
22-May-07 3600 200 0.0 

4-Jul-07 16000 200 0 
2-Aug-07 396800 200 0 
27-Aug-07 94400 200 0.2 
4-Oct-07 2400 200 4.4 
25-Oct-07 2600 200 0 
18-Dec-07 2400 200 11.7 
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Figure 2. Concentration of ammonia in the water from the Kirkpatrick Crescent stormwater 
outfall between June 22, 2005 and December 31, 2007 with BC Approved Water Quality 
Guideline. Guideline not available for all dates. 
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Table 2. Concentration of ammonia in the water from the Kirkpatrick Crescent stormwater 
outfall between June 22, 2005 and December 31, 2007 with BC Approved Water Quality 
Guideline. Guideline not available for all dates. Results in red exceeded the guideline. 

Date 

Total 
ammonia 

(ug/l) 

BC Water 
Quality 

Guideline 
(ug/l) 

48 hour 
precipitation 

(mm) pH 

Water 
temperature 

(C ) 

June 22 2005 53.2 12,300 3.2 7.5 15 
July 5 2005 750.1 22,500 11.0 6.7 19 

September 21 2005 222.3 13,800 0.0 7.4 16 
October 20 2005 70.2 12,400 2.0 7.5 13 
October 27 2005 73.2 12,400 0.0 7.5 13 

December 9 2005 380.9 18,100 3.2 7.2 7 
December 22 2005 38.9 not available 0.0 7.5 n/s 

February 17 2006 26.2 not available 0.0 7.9 n/s 
March 8 2006 374.0 1,960 17.4 8.5 7 
April 28 2006 142.0 not available 0.2 7.3 n/s 
May 17 2006 102.0 25,000 0.0 6.4 12 
June 22 2006 171.0 24,300 0.0 6.5 16 
July 19 2006 192.0 15,200 0.0 7.3 17 

August 10 2006 191.0 23,900 2.2 6.0 19 
September 20 2006 340.0 24,500 9.1 6.2 15 

October 25 2006 27.1 2,360 3.0 8.4 14 
December 4 2006 101.0 25,500 3.2 6.7 4 
January 10 2007 152 11700 14.3 7.6 5 
February 6 2007 54.2 13100 0.2 7.5 7 

March 20 2007 23.7 22000 6.0 6.9 9 
April 17 2007 153 22700 6.8 6.8 11 
May 22 2007 8.97 9570 0.0 7.7 11 

July 4 2007 165 12300 0.0 7.5 15 
August 2 2007 68.6 19200 0.2 7.0 21 

August 27 2007 552 13800 0.2 7.4 16 
October 4 2007 38.4 not available 4.4 n/s 14 

October 25 2007 89.4 17300 0.0 7.2 12 
November 27 2007 13.5 16300 0.0 7.3 8 
December 18 2007 110 21400 11.7 6.9 6 
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Figure 3. Concentration of cadmium in water from the Kirkpatrick outfall with reference to 
the CCME and EPA-CMC (Acute) guidelines as measured between June 22, 2005   and 
December 31, 2007. The CCME guideline is dependent on water hardness. 
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Table 3. Concentration of cadmium in water from the Kirkpatrick outfall with reference to 
the CCME guidelines as measured between June 22, 2005, and December 31, 2007. The 
CCME guideline is dependent on water hardness. Results above the guideline are 
highlighted in red. 

Date 
Cadmium 

(ug/l) 

CCME  
Guideline 

(ug/l) 

48 hour 
precipitation 

(mm) 
Hardness 

(ppm) 

22-Jun-05 0.100 0.082 3.2 86.8 
05-Jul-05 0.616 0.032 11 28.8 

16-Aug-05 <2.510 0.068 0 69.2 
17-Aug-05 <0.100 0.050 21.6 48.3 
21-Sep-05 3.410 0.056 0 55.9 
27-Oct-05 6.970 0.093 0 100 
09-Dec-05 2.650 0.135 3.2 155 
22-Dec-05 0.448 0.073 0 75 
17-Feb-06 0.100 0.098 0 107 
08-Mar-06 0.850 0.076 17.4 78.9 
28-Apr-06 0.100 0.074 0.2 77.2 

17-May-06 1.530 0.090 0 96.6 
09-Jun-06 1.000 0.164 22.8 193 
22-Jun-06 2.900 0.052 0 51.3 
19-Jul-06 0.579 0.045 0 43.3 

10-Aug-06 <0.100 0.127 2.2 144 
20-Sep-06 0.449 0.097 9.1 105 
25-Oct-06 0.574 0.069 3 71.2 
04-Dec-06 0.182 0.043 3.2 40.6 
10-Jan-07 0.442 0.090 14.3 96.7 
06-Feb-07 0.745 0.095 0.2 103 
20-Mar-07 0.100 0.104 6.0 114 
17-Apr-07 0.100 0.104 6.8 114 

22-May-07 0.506 0.121 0.0 136 
04-Jul-07 1.230 0.141 0.0 163 

02-Aug-07 0.573 0.045 0.2 42.5 
27-Aug-07 0.315 0.093 0.2 100 
04-Oct-07 0.053 16.509 4.4 41300 
25-Oct-07 0.520 0.090 0 96.8 
27-Nov-07 1.200 0.146 0 169 
18-Dec-07 0.500 0.070 11.7 72.4 

 
 
 
 
 
 
 
 
 
 
 



 22 

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

20000

2
2

-J
u

n
-0

5

2
2

-A
ug

-0
5

2
2-

O
ct

-0
5

2
2-

D
ec

-0
5

2
2

-F
e

b
-0

6

2
2-

A
p

r-
0

6

2
2

-J
u

n
-0

6

2
2

-A
ug

-0
6

2
2-

O
ct

-0
6

2
2-

D
ec

-0
6

2
2

-F
e

b
-0

7

2
2-

A
p

r-
0

7

2
2

-J
u

n
-0

7

2
2

-A
ug

-0
7

2
2-

O
ct

-0
7

Date

Ir
on

 C
on

ce
nt

ra
tio

n 
(u

g/
L)

0

5

10

15

20

25

P
re

ci
pi

ta
tio

n 
(m

m
)

Iron (ug/L)

CCME 
Guideline
(ug/L)

48 hour
precipitation
(mm)

 
Figure 4. Concentration of iron in water from the Kirkpatrick outfall with reference to the 
CCME guideline as measured between June 22, 2005 and December 31, 2007. 
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Table 4. Concentration of iron in water from the Kirkpatrick outfall with reference to the 
CCME guideline as measured between June 22, 2005 and December 31, 2007. Results in 
red exceeded the guideline. 

Date 
Iron 

(ug/L) 

CCME  
Guideline 

(ug/L) 

48 hour 
precipitation 

(mm) 

22-Jun-05 608 300 3.2 
05-Jul-05 2760 300 11 

16-Aug-05 948 300 0 
17-Aug-05 2230 300 21.6 
21-Sep-05 1720 300 0 
27-Oct-05 1700 300 0 
09-Dec-05 8340 300 3.2 
22-Dec-05 17200 300 0 
17-Feb-06 2140 300 0 
08-Mar-06 14300 300 17.4 
28-Apr-06 2920 300 0.2 

17-May-06 11700 300 0 
09-Jun-06 2290 300 22.8 
22-Jun-06 1730 300 0 
19-Jul-06 377 300 0 

10-Aug-06 510 300 2.2 
20-Sep-06 7960 300 9.1 
25-Oct-06 1180 300 3 
04-Dec-06 3340 300 3.2 
10-Jan-07 580 300 14.3 
06-Feb-07 2850 300 0.2 
20-Mar-07 384 300 6 
17-Apr-07 1600 300 6.8 

22-May-07 1070 300 0 
04-Jul-07 610 300 0 

02-Aug-07 771 300 0.2 
27-Aug-07 409 300 0.2 
04-Oct-07 2810 300 4.4 
25-Oct-07 777 300 0 
27-Nov-07 430 300 0 
18-Dec-07 773 300 11.7 
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Figure 5. Concentration of manganese in water from the Kirkpatrick outfall with reference 
to the CCME guideline and water hardness between June 22, 2005 and December 31, 2007. 
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Table 5. Concentration of manganese in water from the Kirkpatrick outfall with reference 
to the CCME guideline and water hardness between June 22, 2005 and December 31, 2007. 
Results in red exceeded the guideline. 

Date 
Manganese 

(mg/L) 

CCME  
Guideline 

(mg/L) 

48 hour 
precipitation 

(mm) 

22-Jun-05 0.032 0.1 3.2 
05-Jul-05 0.091 0.1 11.0 

16-Aug-05 0.050 0.1 0.0 
17-Aug-05 0.141 0.1 21.6 
21-Sep-05 0.121 0.1 0.0 
27-Oct-05 0.140 0.1 0.0 
09-Dec-05 0.356 0.1 3.2 
22-Dec-05 0.402 0.1 0.0 
17-Feb-06 0.096 0.1 0.0 
08-Mar-06 0.453 0.1 17.4 
28-Apr-06 0.139 0.1 0.2 

17-May-06 0.250 0.1 0.0 
09-Jun-06 0.136 0.1 22.8 
22-Jun-06 0.113 0.1 0.0 
19-Jul-06 0.031 0.1 0.0 

10-Aug-06 0.068 0.1 2.2 
20-Sep-06 0.353 0.1 9.1 
25-Oct-06 0.043 0.1 3.0 
04-Dec-06 0.091 0.1 3.2 
10-Jan-07 0.068 0.1 14.3 
06-Feb-07 0.081 0.1 0.2 
20-Mar-07 0.020 0.1 6.0 
17-Apr-07 0.068 0.1 6.8 

22-May-07 0.064 0.1 0.0 
04-Jul-07 0.112 0.1 0.0 

02-Aug-07 0.085 0.1 0.2 
27-Aug-07 0.113 0.1 0.2 
04-Oct-07 0.087 0.1 4.4 
25-Oct-07 0.063 0.1 0.0 
27-Nov-07 0.086 0.1 0.0 
18-Dec-07 0.221 0.1 11.7 
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Figure 6. Concentration of phosphorus in water from the Kirkpatrick outfall with reference 
to the CCME guideline between June 22, 2005 and December 31, 2007. 
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Table 6. Concentration of phosphorus in water from the Kirkpatrick outfall with reference 
to the CCME guideline between June 22, 2005 and December 31, 2007. Results in red 
exceeded the guideline. 

Date 
Phosphorus 

(mg/l) 

CCME  
Guideline 

(mg/l) 

48 hour 
precipitation 

(mm) 

22-Jun-05 0.290 0.05 3.2 
05-Jul-05 0.994 0.05 11.0 

16-Aug-05 0.490 0.05 0.0 
17-Aug-05 2.850 0.05 21.6 
21-Sep-05 0.366 0.05 0.0 
27-Oct-05 0.333 0.05 0.0 
09-Dec-05 0.176 0.05 3.2 
22-Dec-05 0.394 0.05 0.0 
17-Feb-06 0.240 0.05 0.0 
08-Mar-06 0.408 0.05 17.4 
28-Apr-06 0.950 0.05 0.2 

17-May-06 51.8 0.05 0.0 
09-Jun-06 0.065 0.05 22.8 
22-Jun-06 0.107 0.05 0.0 
19-Jul-06 0.200 0.05 0.0 

10-Aug-06 0.400 0.05 2.2 
20-Sep-06 0.358 0.05 9.1 
25-Oct-06 0.273 0.05 3.0 
04-Dec-06 0.157 0.05 3.2 
10-Jan-07 0.112 0.05 14.3 
06-Feb-07 0.115 0.05 0.2 
20-Mar-07 0.065 0.05 6.0 
17-Apr-07 0.152 0.05 6.8 

22-May-07 0.191 0.05 0.0 
04-Jul-07 0.245 0.05 0.0 

02-Aug-07 0.497 0.05 0.2 
27-Aug-07 0.419 0.05 0.2 
04-Oct-07 0.065 0.05 4.4 
25-Oct-07 0.065 0.05 0.0 
27-Nov-07 10.100 0.05 0.0 
18-Dec-07 0.286 0.05 11.7 
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Figure 7. Concentration of zinc in water from the Kirkpatrick outfall with reference to the 
CCME guideline between June 22, 2005 and December 31, 2007.  
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Table 7. Concentration of zinc in water from the Kirkpatrick outfall with reference to the 
CCME guideline between June 22, 2005 and December 31, 2007. Results in red exceeded 
the guideline. 

Date 
Zinc 
(ug/l) 

CCME  
Guideline 

(ug/l) 

48 hour 
precipitation 

(mm) 

Hardness 
(mg/l 

CaCO3) 

22-Jun-05 103 30 3.2 86.8 
05-Jul-05 636 30 11.0 28.8 

16-Aug-05 214 30 0.0 69.2 
17-Aug-05 149 30 21.6 48.3 
21-Sep-05 108 30 0.0 55.9 
27-Oct-05 306 30 0.0 100 
09-Dec-05 421 30 3.2 155 
22-Dec-05 193 30 0.0 75 
17-Feb-06 138 30 0.0 107 
08-Mar-06 208 30 17.4 78.9 
28-Apr-06 229 30 0.2 77.2 

17-May-06 1070 30 0.0 96.6 
09-Jun-06 137 30 22.8 193 
22-Jun-06 289 30 0.0 51.3 
19-Jul-06 14 30 0.0 43.3 

10-Aug-06 145 30 2.2 144 
20-Sep-06 235 30 9.1 105 
25-Oct-06 117 30 3.0 71.2 
04-Dec-06 123 30 3.2 40.6 
10-Jan-07 116 30 14.3 96.7 
06-Feb-07 83 30 0.2 103 
20-Mar-07 24 30 6.0 114 
17-Apr-07 116 30 6.8 114 

22-May-07 113 30 0.0 136 
04-Jul-07 101 30 0.0 163 

02-Aug-07 87 30 0.2 42.5 
27-Aug-07 70 30 0.2 100 
04-Oct-07 161 30 0.2 41300 
25-Oct-07 315 30 0.0 96.8 
27-Nov-07 105 30 0.0 169 
18-Dec-07 198 30 11.7 72.4 
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Figure 8. Concentration of copper in water from the Kirkpatrick outfall with reference to 
the CCME guideline, between June 22 2005 and December 31 2007. These guidelines are 
dependent on water hardness. 
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Table 8. Concentration of copper in water from the Kirkpatrick outfall with reference to the 
CCME guideline, between June 22 2005 and December 31 2007. These guidelines vary 
with water hardness. Results in red exceeded the guideline. 

Date 
Copper 
(ug/L) 

CCME 
Guideline 

(ug/l) 

48 hour 
precipitation 

(mm) 
Hardness 

(mg/l CaCO 3) 

22-Jun-05 44 2 3.2 86.8 
05-Jul-05 118 2 11 28.8 

16-Aug-05 90 2 0 69.2 
17-Aug-05 62 2 21.6 48.3 
21-Sep-05 75 2 0 55.9 
27-Oct-05 108 2 0 100 
09-Dec-05 47 3 3.2 155 
22-Dec-05 117 2 0 75 
17-Feb-06 42 2 0 107.0 
08-Mar-06 82 2 17.4 78.9 
28-Apr-06 56 2 0.2 77.2 

17-May-06 4320 2 0 96.6 
09-Jun-06 42 4 22.8 193.0 
22-Jun-06 86 2 0 51.3 
19-Jul-06 15 2 0 43.3 

10-Aug-06 15 3 2.2 144.0 
20-Sep-06 62 2 9.1 105.0 
25-Oct-06 51 2 3 71.2 
04-Dec-06 23 2 3.2 40.6 
10-Jan-07 46 2 14.3 96.7 
06-Feb-07 29 2 0.2 103.0 
20-Mar-07 18 2 6 114.0 
17-Apr-07 47 2 6.8 114.0 
22-May-07 53 3 0.0 136.0 
04-Jul-07 36 3 0.0 163.0 
02-Aug-07 54 2 0.2 42.5 
27-Aug-07 68 2 0.2 100.0 
04-Oct-07 65.2 4 4.4 41300.0 
25-Oct-07 71 2 0 96.8 
27-Nov-07 11 3 0 169.0 
18-Dec-07 126 2 11.7 72.4 
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Figure 9. Concentration of total extractable hydrocarbons (TEH) in the water from the 
Kirkpatrick Crescent stormwater outfall between June 22 2005 and December 31 2007 and 
limit as defined in schedule 6 of the Provincial Contaminated Sites Regulation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 33 

Table 9. Concentration of total extractable hydrocarbons (TEH) in the water from the 
Kirkpatrick Crescent stormwater outfall between June 22 2005 and December 31 2007 and 
limit defined in schedule 6 of the Provincial Contaminated Sites Regulation. Results in red 
exceeded the contaminated sites regulation. 

Date 

TEH 
concentration 

(mg/L) 

TEH 
limit 

(mg/L) 

48 hour 
precipitation 

(mm) 

22-Jun-05 0 0.5 3.2 
05-Jul-05 1.67 0.5 11.0 

17-Aug-05 0 0.5 21.6 
21-Sep-05 2.78 0.5 0.0 
27-Oct-05 5.44 0.5 0.0 
09-Dec-05 3.56 0.5 3.2 
22-Dec-05 1.69 0.5 0.0 
17-Feb-06 5.27 0.5 0.0 
08-Mar-06 26.8 0.5 17.4 
28-Apr-06 0 0.5 0.2 

17-May-06 2.79 0.5 0.0 
22-Jun-06 3.22 0.5 0.0 
19-Jul-06 0.78 0.5 0.0 

10-Aug-06 2.03 0.5 2.2 
20-Sep-06 4.28 0.5 9.1 
25-Oct-06 2.43 0.5 3.0 
04-Dec-06 1.95 0.5 3.2 
10-Jan-07 0.82 0.5 14.3 
06-Feb-07 3.53 0.5 0.2 
20-Mar-07 1.09 0.5 6.0 
17-Apr-07 0.43 0.5 6.8 

22-May-07 0.003 0.5 0.0 
04-Jul-07 0.15 0.5 0.0 

27-Aug-07 0.003 0.5 0.2 
04-Oct-07 0 0.5 4.4 
25-Oct-07 0 0.5 0.0 
27-Nov-07 0.39 0.5 0.0 
18-Dec-07 12.9 0.5 11.7 
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Table 10. Physical parameters of water from Kirkpatrick outfall, June 22, 2005 - December 
31, 2007 with guidelines (n/s meaning not sampled). Results in red exceeded the guideline. 

Date  
Water Temperature 
(19C° maximum*) 

Dissolved Oxygen 
(5mg/L minimum*) 

Conductivity at 2k (us)d 
(1400 us maximum**) 

pH (Allowable 
range 6.5-9.0†) 

Turbidity 
(FTU)  

22-Jun-05 15 7.2 196 6.7 21 

5-Jul-05 19 5.8 147 6.9 137 

15-Jul-05 16 5.4 353 6.4 63 

19-Jul-05 16 6.6 180 6.8 14 

8-Aug-05 19 2.1 249 7.1 31 

16-Aug-05 20 5.3 179 7.2 11 

17-Aug-05 19 7.0 145 7.0 n/s 

21-Aug-05 16 5.3 136 7.3 n/s 

27-Oct-05 13 5.4 603 7.5 n/s 

18-Nov-05 12 6.2 243 7.7 n/s 

25-Nov-05 9 10.2 46 7.9 233 

4-Dec-05 10 7.6 316 7.4 11 

8-Mar-06 7 12.1 100 n/s n/s 

17-May-06 14 7.4 112 6.2 14 

9-Jun-06 15 6.5 425 8.1 66 

22-Jun-06 16 6.9 145 6.7 18 

19-Jul-06 17 5.9 111 7.3 13 

27-Jul-06 19 6.3 124 6.1 10 

2-Aug-06 18 5.6 91 6.2 24 

9-Aug-06 18 5.0 233 7.7 29 

20-Sep-06 15 7.0 190 6.2 206 

25-Oct-06 14 6.9 181 8.4 34 

4-Dec-06 4 11.0 299 6.7 80 

19-Dec-06 7 11.3 309 6.7 84 

10-Jan-07 5 10.7 1772 7.6 18 

6-Feb-07 7 9.7 320 7.3 44 

20-Mar-07 9 10.6 234 6.9 36 

17-Apr-07 11 8.7 253 6.8 100 

22-May-07 11 9.2 275 7.6 20 

4-Jul-07 15 4.4 445 7.5 15 

2-Aug-07 21 n/s 169 7.0 14 

27-Aug-07 16 5.2 218 7.4 20 

4-Oct-07 14 6.3 n/s n/s 82 

25-Oct-07 12 7.6 324 7.2 21 

27-Nov-07 8 9.1 3999 7.3 138 

18-Dec-07 6 11.9 109 6.9 282 
*BC Approved Water Quality Guideline for the protection of aquatic life.  
**BC Working Water Quality Guideline for livestock. No aquatic life guideline available 
†USA EPA Water Quality Criteria for the protection of aquatic life.  
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7.2 KIRKPATRICK CRESCENT SEDIMENT QUALITY  
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Figure 10. Concentration of arsenic in the sediment immediately downstream from the 
Kirkpatrick outfall with reference to the CCME Sediment Quality Guidelines between June 
22, 2005 and December 31, 2007.  
 
 
Table 11. Concentration of arsenic in the sediment immediately downstream from the 
Kirkpatrick outfall with reference to the CCME Sediment Quality Guidelines between June 
22, 2005 and December 31, 2007. 

Date 
Arsenic 
(ug/g) 

Limit 
(ug/g) 

48 Hour 
Precipitation 

(mm) 

22-Jun-05 3.68 5.9 3.2 
22-Dec-05 1.88 5.9 0.0 
28-Apr-06 <0.500 5.9 0.2 
22-Jun-06 2.94 5.9 0.0 
25-Oct-06 0.069 5.9 3.0 
02-Aug-07 0.03 5.9 0.2 
04-Oct-07 1.77 5.9 4.4 
18-Dec-07 0.722 5.9 11.7 
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Figure 11. Concentration of copper in the sediment immediately downstream from the 
Kirkpatrick outfall with reference to the CCME Sediment Quality Guidelines between June 
22 2005 and December 31, 2007. 
 
 
Table 12. Concentration of copper in the sediment immediately downstream from the 
Kirkpatrick outfall with reference to the CCME Sediment Quality Guidelines between June 
22 2005 and December 31, 2007. Results in red exceeded the guideline. 

Date 
Copper 
(ug/g) 

Limit 
(ug/g) 

48 Hour 
Precipitation 

(mm) 

22-Jun-05 84.7 35.7 3.2 
22-Dec-05 792 35.7 0 
28-Apr-06 311 35.7 0.2 
22-Jun-06 89.4 35.7 0 
25-Oct-06 95.1 35.7 3 
02-Aug-07 86 35.7 0.2 
04-Oct-07 40.2 35.7 4.4 
18-Dec-07 38.1 35.7 11.7 
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Figure 12. Concentration of lead in the sediment immediately downstream from the 
Kirkpatrick outfall, with reference to the CCME Sediment Quality Guidelines, between 
June 22 2005 and December 31, 2007. 
 
 
Table 13. Concentration of lead in the sediment immediately downstream from the 
Kirkpatrick outfall, with reference to the CCME sediment quality guidelines, between June 
22 2005 and December 31, 2007. Results in red exceeded the guideline. 

Date 
Lead 
(ug/g) 

Limit 
(ug/g) 

48 Hour 
Precipitation 

(mm) 

22-Jun-05 37.1 35 3.2 
22-Dec-05 230 35 0.0 
28-Apr-06 0.5 35 0.2 
22-Jun-06 41.6 35 0.0 
25-Oct-06 <0.001 35 3.0 
02-Aug-07 24.5 35 0.2 
04-Oct-07 12.3 35 4.4 
18-Dec-07 10.8 35 11.7 
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Figure 13. Concentration of zinc in the sediment immediately downstream from the 
Kirkpatrick outfall with reference to the CCME Sediment Quality Guidelines between June 
22 2005 and December 31, 2007. 
 
 
Table 14. Concentration of zinc in the sediment immediately downstream from the 
Kirkpatrick outfall with reference to the CCME Sediment Quality Guidelines between June 
22 2005 and December 31, 2007. Results in red exceeded the guideline. 

Date 
Zinc 

(ug/g) 
Limit 
(ug/g) 

48 Hour 
Precipitation 

(mm) 

22-Jun-05 193 123 3.2 
22-Dec-05 303 123 0.0 
28-Apr-06 784 123 0.2 
22-Jun-06 231 123 0.0 
25-Oct-06 102 123 3.0 
02-Aug-07 135 123 0.2 
04-Oct-07 92 123 4.4 
18-Dec-07 97.8 123 11.7 
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Figure 14. Concentration of nickel in the sediment immediately downstream from the 
Kirkpatrick outfall with reference to the BC Working Sediment Quality Guidelines between 
June 22 2005 and December 31, 2007. 
 
 
Table 15. Concentration of nickel in the sediment immediately downstream from the 
Kirkpatrick outfall with reference to the BC Working Sediment Quality Guidelines between 
June 22 2005 and December 31, 2007. Results in red exceeded the guideline. 

Date 
Nickel 
(ug/g) 

Limit 
(ug/g) 

48 Hour 
Precipitation (mm)  

22-Jun-05 11.4 16 3.2 
22-Dec-05 244 16 0.0 
28-Apr-06 210 16 0.2 
22-Jun-06 62.9 16 0.0 
25-Oct-06 12.7 16 3.0 
02-Aug-07 13.1 16 0.2 
04-Oct-07 18.9 16 4.4 
18-Dec-07 8.92 16 11.7 
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Table 16a-d. Concentration of constituent PAH’s in sediment immediately downstream 
from the Kirkpatrick outfall, with reference to their respective CCME guidelines, collected 
between December 22, 2005 and December 31, 2007. 
16A. 

Date 

Total PAH 
Concentration 

(ug/g) 
Napthalene 

(ug/g)  
Acenaphthylene 

(ug/g) 
Acenaphthene 

(ug/g)  
Fluorene 

(ug/g) 
Limits (ug/g) not available 0.0346 0.00587 0.00671 0.0211 

22-Jun-06 0 <0.001 <0.001 <0.001 <0.001 
20-Sep-06 0.787 <0.001 <0.001 <0.001 <0.001 
25-Oct-06 0 <0.001 <0.001 <0.001 <0.001 
02-Aug-07 5466 75.8 21.8 26.7 56.5 
04-Oct-07 0.221 <0.001 <0.001 <0.001 <0.001 
18-Dec-07 not sampled 0.00703 <0.00001 <0.00001 0.0145 

 
16B. 

Date 
Phenanthrene 

(ug/g) 
Anthracene 

(ug/g) 
Fluoranthene 

(ug/g) 
Pyrene 
(ug/g) 

Benzo(a)anthracene 
(ug/g) 

Limits (ug/g) 0.0419 0.0469 0.111 0.053 0.0317 

22-Jun-06 <0.001 <0.001 <0.001 <0.001 <0.001 
20-Sep-06 <0.001 <0.001 <0.001 0.787 <0.001 
25-Oct-06 <0.001 <0.001 <0.001 <0.001 <0.001 
02-Aug-07 643 709 887 1029 281 
04-Oct-07 0.014 0.016 0.026 0.033 0.016 
18-Dec-07 0.0234 0.030 0.0164 0.0282 0.0248 

 
16C. 

Date 
Chrysene 

(ug/g) 
Benzo(b)fluoranthene 

(ug/g) 
Benzo(k)fluoranthene 

(ug/g) 
Benzo(a)pyrene 

(ug/g) 

Limits (ug/g) 0.0571 not available not available 0. 0319 

22-Jun-06 <0.001 <0.001 <0.001 <0.002 
20-Sep-06 <0.001 <0.001 <0.001 <0.002 
25-Oct-06 <0.001 <0.001 <0.001 <0.002 
02-Aug-07 537 253 265 255 
04-Oct-07 0.024 0.022 0.017 0.022 
18-Dec-07 0.0242 0.0202 0.0208 0.0288 

 
16D.  

Date 
Indeno(1,2,3-c,d)pyrene 

(ug/g) 
Dibenz(a,h)anthracene 

(ug/g)  
Benzo(g,h,i)perylene 

(ug/g) 
Limits (ug/g) not available 0.00622 not available 

22-Jun-06 <0.002 <0.002 <0.005 
20-Sep-06 <0.002 <0.002 <0.005 
25-Oct-06 <0.002 <0.002 <0.005 
02-Aug-07 167 69 192 
04-Oct-07 0.016 <0.002 0.002 
18-Dec-07 0.0216 <0.000001 0.0226 
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Table 17. Concentration of TEH in sediment collected immediately downstream from the 
Kirkpatrick outfall with reference to the maximum sediment concentration as defined under 
schedule 4 of the Provincial Contaminated sites regulation, between December 22, 2005 
and December 31, 2007. 

Date 
TEH 

(ug/g) 
Limit 
(ug/g) 

22-Dec-05 619 1000 
22-Jun-06 209 1000 
20-Sep-06 2.39 1000 
25-Oct-06 12.2 1000 
02-Aug-07 1670 1000 
04-Oct-07 163000 1000 
18-Dec-07 663 1000 
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7.3 HI-RISE SALVAGE  
Table 18. Concentration of selected metals in the water from the Hi-Rise Salvage outfall as 
measured on December 22, 2005 and associated CCME. Results in red exceeded the 
guideline. 

Metal 
Concentration 

(ug/L) 
Limit 
(ug/L) 

cadmium 8890 0.017 
copper 1500 2-4 

iron 21100 300 
lead 1790 1-7 
zinc 1280 30 

 
 
Table 19. Concentration of selected metals exceeding guidelines in the sediment from the 
Hi-Rise Salvage outfall as measured on December 22, 2005 and associated CCME and BC 
Ministry of Environment Working Sediment Quality Guidelines. Results in red exceeded 
the guideline. 

Metal level (ug/g) limit (ug/g) 
Guideline 

used 

arsenic 14.4 5.9 CCME 
cadmium 24.3 0.6 CCME 
copper 2853 35.7 CCME 
iron 36796 21200 BCME 
lead 10200 35 CCME 
nickel 467 16 BCME 
silver 391 0.5 BCME 
tin 15800 50 BCME 
zinc 2220 123 CCME 
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7.4 ADDITIONAL HAGAN-GRAHAM WATERSHED SAMPLINGS SIT ES  
 
Table 20. Physical parameters measured in Graham Creek just downstream of the West 
Saanich Road Hagan Creek culvert (site 1) between June 22, 2005 and December 31, 2007 
with guidelines (n/s meaning not sampled). Results in red exceeded the guideline. 

Date  

Water 
Temperature 

(C°) (19C° 
maximum*) 

Dissolved 
Oxygen (mg/L) 

(5mg/L 
minimum*) 

Conductivity at 
2k (us)d (1400 us 

maximum**) 
pH (Allowable 
range 6.5-9.0†) 

Turbidity 
(FTU) 

22-Jun-05 18 6.7 228 7.0 13 
5-Jul-05 18 7.3 259 7.0 15 

15-Jul-05 18 4.4 271 6.9 8 
19-Jul-05 20 6.1 257 7.0 9 
8-Aug-05 20 5.2 279 7.5 11 

16-Aug-05 20 5.0 294 7.3 9 
21-Sep-05 14 6.8 261 7.6 n/s 
18-Nov-05 8 12.1 319 7.9 n/s 
25-Nov-05 8 10.4 307 7.4 32 
21-Jan-06 7 10.8 191 7.3 12 

30-Aug-08 16 5.8 266 8.6 3 
11-Oct-06 7 9.3 n/s n/s 25 
23-Jan-07 6 11.3 184 7.7 30 
3-Apr-07 7 12.5 262 7.8 22 
8-May-07 13 11.3 340 7.5 17 
5-Jun-07 17 7.1 232 7.5 11 
4-Jul-07 18 8.2 338 7.3 16 

2-Aug-07 18 7.3 278 7.4 12 
27-Aug-07 17 6.9 n/s 7.1 10 
25-Oct-07 7 11.6 376 7.1 10 
18-Dec-07 5 12.0 206 6.8 29 

*BC Approved Water Quality Guideline for the protection of aquatic life.  
**BC Working Water Quality Guideline for livestock. No aquatic life guideline available 
†USA EPA Water Quality Criteria for the protection of aquatic life.  
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Table 21. Physical parameters measured at the Malcolm Road culvert (site 3) between June 
22, 2005 and December 31, 2007 with guidelines (n/s meaning not sampled). Results in red 
exceeded the guideline. 

Date 

Water 
Temperature 

(C°) (19C° 
maximum*) 

Dissolved Oxygen 
(mg/L) (5mg/L 

minimum*) 

Conductivity at 
2k (us)d (1400 

us maximum**) 
pH (Allowable 
range 6.5-9.0†) 

Turbidity 
(FTU)  

22-Jun-05 18 8.0 209 7.6 n/s 
5-Jul-05 17 8.4 238 7.1 8 

15-Jul-05 16 6.2 227 7.6 16 
19-Jul-05 18 8.0 225 7.1 13 
8-Aug-05 22 10.9 246 8.7 20 

16-Aug-05 20 5.0 294 7.3 9 
26-Aug-05 18 11.8 245 8.7 12 
21-Sep-05 13 12.8 252 8.3 n/s 
27-Oct-05 10 8.3 216 7.7 6 
10-Nov-05 9 n/s 222 7.8 13 
18-Nov-05 9 10.0 256 7.9 12 
25-Nov-05 8 10.4 249 7.8 12 
17-May-06 16 8.1 232 7.0 34 
24-May-06 15 8.2 215 7.3 35 

9-Jun-06 15 8.6 195 7.9 15 
22-Jun-06 15 8.6 216 7.1 11 
19-Jul-06 17 10.4 275 7.2 7 
26-Jul-06 16 7.9 280 6.6 5 
2-Aug-06 16 7.2 290 6.9 9 
9-Aug-06 19 8.1 262 8.7 8 
11-Sep-06 19 7.6 260 n/s 11 
25-Oct-06 9 8.3 220 7.3 13 
4-Dec-06 5 10.6 297 6.6 8 
10-Jan-07 2 12.2 172 7.5 16 
23-Jan-07 8 11.2 165 7.1 25 
3-Apr-07 8 11.1 200 7.7 14 
8-May-07 15 6.8 203 7.5 15 
5-Jun-07 15 5.3 180 7.6 17 
4-Jul-07 21 4.4 n/s 8.0 14 

2-Aug-07 20 7.5 204 8.1 10 
27-Aug-07 18 6.4 159 7.5 19 

4-Oct-07 10 9.2 n/s n/s 14 
27-Nov-07 5 10.4 237 7.6 12 
18-Dec-07 6 11.2 161 7.4 13 

*BC Approved Water Quality Guideline for the protection of aquatic life.  
**BC Working Water Quality Guideline for livestock. No aquatic life guideline available 
†USA EPA Water Quality Criteria for the protection of aquatic life.  
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Table 22. Physical parameters measured at the Cultra Road CRD water station (site 4) 
between June 22, 2005 and December 31, 2007 with guidelines (n/s meaning not sampled). 
Results in red exceeded the guideline. 

Date  

Water 
Temperature 

(C°) (19C° 
maximum*) 

Dissolved 
Oxygen (mg/L) 

(5mg/L 
minimum*) 

Conductivity at 
2k (us)d (1400 

us maximum**) 
pH (Allowable 
range 6.5-9.0†) 

Turbidity 
(FTU)  

22-Jun-05 14 8.2 262 7.1 n/s 

5-Jul-05 12 9.1 281 6.7 5 

15-Jul-05 12 8.7 303 7.4 5 

19-Jul-05 12 9.7 273 7.2 2 
8-Aug-05 13 7.6 270 7.1 1 

16-Aug-05 15 8.6 289 7.3 2 
21-Sep-05 11 8.8 279 7.5 n/s 
20-Oct-05 11 10.1 194 7.7 23 
10-Nov-05 10 8.9 305 7.6 24 
18-Nov-05 9 9.8 319 7.6 23 
25-Nov-05 8 10.6 280 7.8 30 

4-Dec-05 5 11.1 377 7.6 13 
21-Jan-06 7 11.4 228 7.5 47 

17-May-06 12 8.6 283 6.4 11 
24-May-06 13 8.9 243 6.6 11 

19-Jul-06 13 8.8 275 6.0 5 
26-Jul-06 14 8.6 283 6.6 5 
2-Aug-06 13 9.5 300 6.4 3 
9-Aug-06 14 8.8 279 6.4 1 
11-Sep-06 13 8.7 270 n/s 0 
11-Oct-06 11 9.4 n/s n/s 3 
9-Nov-06 10 10.7 353 6.9 4 
4-Dec-06 4 11.1 299 7.0 25 
23-Jan-07 7 12.0 224 7.6 43 

20-Mar-07 8 10.9 210 6.8 55 
17-Apr-07 9 10.3 300 6.9 24 
8-May-07 13 5.7 248 7.0 18 
5-Jun-07 12 8.3 227 7.4 12 
4-Jul-07 13 7.9 360 7.2 6 

2-Aug-07 13 8.2 268 7.3 4 
27-Aug-07 12 8.3 227 7.2 4 
25-Oct-07 10 9.4 411 7.2 8 
27-Nov-07 5 9.8 373 7.2 22 
18-Dec-07 5 11.8 196 7.2 39 

*BC Approved Water Quality Guideline for the protection of aquatic life.  
**BC Working Water Quality Guideline for livestock. No aquatic life guideline available 
†USA EPA Water Quality Criteria for the protection of aquatic life.  
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Table 23. Physical parameters measured at the Stelly’s Road culvert (site 5) between June 
22, 2005 and December 31, 2007 with guidelines (n/s meaning not sampled). Results in red 
exceeded the guideline. 

Date  

Water 
Temperature 

(C°) (19C° 
maximum*) 

Dissolved 
Oxygen (mg/L) 

(5mg/L 
minimum*) 

Conductivity at 
2k (us)d (1400 

us maximum**) 
pH (Allowable 
range 6.5-9.0†) 

Turbidity 
(FTU)  

22-Jun-05 19 8.6 249 7.2 18 
5-Jul-05 17 4.2 277 6.5 18 

15-Jul-05 17 1.2 285 7.1 11 
19-Jul-05 17 0.8 294 6.6 21 
8-Aug-05 20 1.8 296 6.7 18 

16-Aug-05 19 0.4 362 7.1 45 
21-Sep-05 16 0.3 241 6.9 n/s 
18-Nov-05 8 3.5 335 7.3 27 
25-Nov-05 8 5.1 276 7.1 37 

4-Dec-05 5 6.3 403 7.2 20 
17-May-06 16 5.9 288 6.9 13 
24-May-06 14 2.4 221 6.3 18 

9-Jun-06 14 5.8 100 6.5 33 
19-Jul-06 16 3.5 316 6.5 17 
26-Jul-06 18 2.6 376 6.3 16 
9-Aug-06 16 1.7 322 6.3 19 
25-Oct-06 9 4.1 267 6.9 11 
6-Feb-07 7 7.6 320 7.3 44 
3-Apr-07 7 6.8 361 6.6 31 

22-May-07 12 3.9 241 7.0 21 
4-Jul-07 16 0.8 304 6.9 11 

2-Aug-07 15 1.1 269 6.9 20 
27-Aug-07 14 0.5 183 6.7 21 
18-Dec-07 5 5.2 219 6.7 40 

*BC Approved Water Quality Guideline for the protection of aquatic life.  
**BC Working Water Quality Guideline for livestock. No aquatic life guideline available 
†USA EPA Water Quality Criteria for the protection of aquatic life.  
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Table 24. Physical parameters measured at Kersey Road (site 6b) between June 22, 2005 
and December 31, 2007 with guidelines (n/s meaning not sampled). Results in red exceeded 
the guideline. 

Date  

Water 
Temperature 

(C°) (19C° 
maximum*) 

Dissolved 
Oxygen (mg/L) 

(5mg/L 
minimum*) 

Conductivity at 
2k (us)d (1400 

us maximum**) 
pH (Allowable 
range 6.5-9.0†) 

Turbidity 
(FTU)  

22-Jun-05 16 6.4 235 7.5 18 

5-Jul-05 15 7.0 237 7.6 23 

15-Jul-05 15 7.4 241 7.7 18 

19-Jul-05 16 7.2 244 7.3 18 

8-Aug-05 17 6.2 242 7.4 16 

16-Aug-05 19 7.3 268 7.6 14 

21-Aug-05 14 8.6 245 7.8 n/s 

27-Oct-05 9 8.8 290 7.7 7 

18-Nov-05 9 9.1 270 7.3 n/s 

25-Nov-05 8 9.5 166 7.4 116 

24-May-06 14 8.2 269 6.8 30 

9-Jun-06 15 7.9 249 7.7 27 

22-Jun-06 17 7.4 256 6.9 19 

19-Jul-06 15 8.5 256 7.5 23 

26-Jul-06 18 6.8 214 6.7 28 

2-Aug-06 14 8.5 262 6.7 19 

9-Aug-06 16 6.4 244 6.7 22 

11-Oct-06 10 8.2 n/s n/s 9 

9-Nov-06 10 8.2 269 6.5 0 

19-Dec-06 6 11.0 298 6.7 6 

10-Jan-07 4 11.7 704 7.3 34 

6-Feb-07 7 10.8 488 8.3 25 

20-Mar-07 7 11.7 270 6.6 41 

17-Apr-07 10 10.4 395 7.4 9 

22-May-07 12 8.8 254 7.4 12 

4-Jul-07 15 7.7 359 7.6 19 

2-Aug-07 15 6.9 207 7.6 28 

27-Aug-07 14 7.1 191 7.5 18 

4-Oct-07 11 11.9 n/s n/s 22 

27-Nov-07 4 9.3 365 7.7 15 

18-Dec-07 5 11.6 169 6.7 22 
*BC Approved Water Quality Guideline for the protection of aquatic life.  
**BC Working Water Quality Guideline for livestock. No aquatic life guideline available 
†USA EPA Water Quality Criteria for the protection of aquatic life.  
 
 


