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October 20, 2008
 

Shannon Campbell
 
Still Creek Stewardship Society
 
3939 Pine Street
 
Burnaby, BC
 
V5G 1Z3
 

Dear Ms. Campbell:
 

RE:	 RENFREW RAVINE PARK – RENFREW COMMUNITY PARK 

Submission of Final Report 

Our File 2511.001-120 

We are pleased to submit fifteen (15) copies of the final Renfrew Ravine Park – Renfrew
 
Community Park Hydrology and Geotechnical Study.
 

We understand that there will likely be ongoing review and use of this document by the City of
 
Vancouver, Vancouver Parks, and Metro Vancouver. We would be happy to attend future
 
meetings or work with the Stewardship Society in any further work on Still Creek or in the
 
Renfrew Ravine.
 

Please call me at (604) 293-3259 if you have any questions.
 

Yours truly,
 

KERR WOOD LEIDAL ASSOCIATES LTD. 

Original signed by:
 

David Matsubara, M.Eng., P.Eng.
 
Project Manager
 

/dtm
 
Encl.
 

Q:\2500-2599\2511-001\300-Report\20080303-CampbellLetter.doc 



 
 

    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

 
 
 
 
 
 
 
 
 

 
 

 

       

 

 
 

 

 

Renfrew  Ravine H ydrology  
And  Geotechnical  Study   

Final  Report  
 

September  2008  

Still Creek Stewardship Society 

KWL File No. 2511.001 



      
  

  
 

 
       

  
 

 
 

    

     

                     
                     

             
 

                  
                     

                  
             

 

   

                   
                    

                    
          

RENFREW RAVINE HYDROLOGY AND GEOTECHNICAL STUDY 

FINAL REPORT 

STILL CREEK STEWARDSHIP SOCIETY SEPTEMBER 2008 

STATEMENT OF LIMITATIONS 

This document has been prepared by Kerr Wood Leidal Associates Ltd. (KWL) for the exclusive use and benefit of the Still
 
Creek Stewardship Society for the Renfrew Ravine Hydrology and Geotechnical Study. No other party is entitled to rely on any
 
of the conclusions, data, opinions, or any other information contained in this document.
 

This document represents KWL’s best professional judgement based on the information available at the time of its completion
 
and as appropriate for the project scope of work. Services performed in developing the content of this document have been
 
conducted in a manner consistent with that level and skill ordinarily exercised by members of the engineering profession
 
currently practising under similar conditions. No warranty, express or implied, is made.
 

COPYRIGHT NOTICE 

These materials (text, tables, figures and drawings included herein) are copyright of Kerr Wood Leidal Associates Ltd. (KWL).
 
The Still Creek Stewardship Society is permitted to reproduce the materials for archiving and for distribution to third parties only
 
as required to conduct business specifically relating to the Renfrew Ravine Hydrology and Geotechnical Study. Any other use of
 
these materials without the written permission of KWL is prohibited.
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Consulting Engineers 
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STILL CREEK STEWARDSHIP SOCIETY SEPTEMBER 2008 

1. INTRODUCTION 

1.1 SITE DESCRIPTION 

Renfrew Ravine Park and Renfrew Community Park are located in Vancouver between
 
Renfrew Street / Atlin Street (between 25th and 29th Avenue) and Nootka Street, and 19th
 

Avenue and 29th Avenue. 22nd Avenue and the Boyd Diversion separate the two parks.
 
The upstream extent of the open channel of Still Creek is located within these parks,
 
which constitute some of the only remaining undeveloped land in the Still Creek
 
watershed. Renfrew Ravine Park is an undeveloped treed ravine while Renfrew
 
Community Park has been more extensively landscaped. Still Creek flows in a mostly
 
natural channel through the ravine although sections of the creek are culverted and some
 
banks are protected. The creek flows in a largely manmade channel through Renfrew
 
Community Park before entering another culvert that takes it out of the study area.
 

1.2 PROJECT PURPOSE 

Two recent studies have been prepared regarding management and enhancement of Still
 
Creek. These studies are:
 

�	 Lees + Associates, Karen Hurley + Associates, Dayton + Knight Engineers, Hudema 
Consulting Group, 2002. Still Creek Rehabilitation and Enhancement Study. Report 
prepared for City of Vancouver Community Services Planning Department; and 

�	 City of Burnaby, City of Vancouver, Greater Vancouver Regional District, 2007. 
From Pipe Dreams to Healthy Streams – The Integrated Stormwater Management 

Plan for the Still Creek Watershed. 

The 2002 “Enhancement Study” is a broad planning document that develops conceptual
 
plans for reaches of the Still Creek corridor based on available information, existing
 
knowledge, current work in the area of watercourse enhancement, objectives of the City
 
of Vancouver and consultation processes. This document provides comprehensive
 
documentation of a vision for Still Creek.
 

The 2007 Integrated Stormwater Management document (ISMP) further developed the
 
concepts from the 2002 study under a regional framework developed and administered by
 
Metro Vancouver. While the initial Enhancement Study was quite broad in most aspects,
 
the ISMP further developed specific ideas surrounding stormwater management, water
 
quality, and aquatic life and habitat. Both of these documents recognize the need for
 
additional specific engineering studies (including geotechnical and hydrological) for
 
implementation of management objectives.
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To move the specific objectives in the Renfrew corridor forward, the 2007-2008
 
Vancouver Board of Parks and Recreation (Park Board) Capital Plan approved funding
 
for studies for park renewal for both Renfrew Ravine Park and Renfrew Community
 
Park. Under the current capital plan, a management plan will be developed by the Park
 
Board for both parks. In collaboration with the Park Board, City of Vancouver
 
Engineering and Metro Vancouver, the Still Creek Stewardship Society (SCSS) obtained
 
grant funding for baseline studies for the future park management plans. The SCSS has
 
retained Kerr Wood Leidal Associates (KWL) to conduct a hydrology and geotechnical
 
study that will provide information for development of the management plan.
 

The work program for this project is summarized in Table 1-1.
 

Table 1-1: Work Program 

TASK DESCRIPTION 

1. Project Initiation • 

• 

• 

Make contractual arrangements with Still Creek Stewardship 
Society. 

Obtain existing survey data of Renfrew Ravine/Community 
Park, and other relevant background data. 

Obtain and review available air photography, and previous 
maps. 

2. Survey / Fieldwork • Conduct a topographic survey of Renfrew Ravine and 
Renfrew Community Park. 

3. Terrain Mapping 
Analysis 

• 

• 

Terrain mapping including digital transfer of airphoto 
interpretations and preparation of terrain map. 

Assessment of slope instability. 

4. Hydrology and Water 
Quality 

• 

• 

• 

• 

• 

• 

• 

• 

Review available information concerning hydrology. 

Collect flow measurements at several times during the 
project to estimate average flows and possible variation. 

Obtain stage data from Metro Vancouver for the Renfrew 
culvert stage recorder and review data to estimate low flows 
and high flows. 

Review local gauged data from other systems for flow 
estimate. 

Scope the level of effort for a detailed rainfall-runoff 
calibrated model. 

Review available water quality data (City of Vancouver/City 
of Burnaby). 

Conduct preliminary water quality assessment including: 

- Dissolved oxygen, turbidity, conductivity, chemical 
oxygen demand, biochemical oxygen demand, nutrients, 
dissolved metals, metalloids, heavy metals. 

Suggest future monitoring program. 

5. Draft Report • 

• 

Summarize analysis in draft report, including figures. 

Submit draft report to Still Creek Stewardship Society for 
review. 

KERR WOOD LEIDAL ASSOCIATES LTD. 
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TASK DESCRIPTION 

6. Project Completion • Incorporate feedback into draft report. 

• Finalize report and submit to Still Creek Stewardship 
Society. 

1.3 PROJECT TEAM 

The primary project team includes:
 

� David Matsubara, M.Eng., P.Eng., Project Manager; 
� Erica Ellis, M.Sc., G.I.T., Fluvial Geomorphologist; and 
� Martin Zaleski, PG, Engineering Geologist (BGC Engineering). 

KWL has retained BGC Engineering to conduct the terrain mapping analysis.
 

Shannon Campbell of the SCSS provided overall project management, with technical
 
input from Dr. June Ryder. Other project proponents included the following staff from
 
the Park Board, City of Vancouver, and Metro Vancouver:
 

� Kate Davis-Johnson – Park Board Manager of Park Development and Planning; 
� Debra Barnes – Park Board Project Manager; 
� Steve McTaggart – City of Vancouver Engineering; 
� Neil McCreedy – City of Vancouver Environment; and 
� Mark Wellman – Metro Vancouver Drainage Engineering. 

Funding for this study was provided in a grant to the Still Creek Stewardship Society by
 
the Real Estate Foundation of BC.
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2. TERRAIN MAPPING 

2.1 PURPOSE FOR TERRAIN MAPPING 

The 2002 Enhancement Study specifically identified the possibility of slope instability
 
and the need for detailed geotechnical assessments for the implementation of a number of
 
potential stormwater management concepts. The current objectives for the Renfrew
 
Ravine and Renfrew Community Park include provision of access and interpretative
 
areas that could include pathways, boardwalks, and viewing platforms. More ambitious
 
secondary goals include potential construction of stormwater treatment facilities, fish
 
habitat structures, channel restructuring, and aesthetic stream features. Based on the
 
limited available terrain mapping, interpretation, and other geotechnical information, the
 
SCSS identified detailed terrain mapping as the first step in the park planning process.
 

2.2 TERRAIN MAPPING 

Terrain mapping is a classification system used to describe landforms, surficial materials
 
and geomorphological processes. For this project, terrain mapping and interpretation for
 
a terrain classification system were used to provide a relative level of slope instability.
 
This information is intended to be used to guide management and enhancement activities
 
in the parks. In particular, the mapping identifies geotechnical features that could
 
constrain potential park land use and activities, as well as landforms and features that
 
indicate past or ongoing slope instability.
 

The terrain mapping should not be confused with detailed geotechnical investigation,
 
testing and analysis. Whereas terrain mapping could be used to help site low complexity
 
structures such as trails and public amenities, terrain mapping is not a substitute for
 
geotechnical engineering for larger structures, especially those that might impound water,
 
or result in further steepening of slopes. The complete BGC Engineering report is
 
provided in Appendix B. This report, complete with the terrain map figures, should be
 
read in its entirety; the following summary is provided merely as an introduction and
 
summary of BGC’s findings.
 

2.3 TERRAIN MAPPING METHODOLOGY 

The BGC terrain mapping program combines all available information including
 
historical aerial photographs, ground surveys and photogrammetric contour information
 
provided by the Park Board and City of Vancouver respectively, and geotechnical
 
investigations available for the Skytrain site to the south of the site. The field program
 
included traversing of the slopes in both parks and surveying topography in Renfrew
 
Ravine Park.
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Terrain interpretation was conducted using a five class rating system in which higher
 
number stability classes are associated with higher potential terrain instability. The study
 
area was divided into polygons that are described in terms of surficial material,
 
geomorphological process, stratigraphic units, surface expression and slope steepness.
 
Based on observations and measurements, each terrain polygon was classified with
 
respect to stability using the following classes:
 

�	 I – Stable: includes gently sloping (<15%) areas underlain by active floodplains, 
rock, glaciofluvial deposits, till and mixed glacial drift. Rock inclined at up to 50% is 
also considered stable; 

�	 II – Probably Stable: includes flat-lying (<15%) glaciolacustrine deposits, fills, and 
saturated active fluvial deposits. Glaciofluvial deposits, till and mixed glacial drift 
inclined at up to 30%, are included, and rock at up to 70% is also included; 

�	 III – Potentially Unstable: glaciolacustrine deposits, fill, and other glacial deposits 
that are saturated or gullied, that are inclined at up to 30%, are included. Other 
glacial deposits that are not saturated or gullied can be inclined up to 50%, and rock 
may exceed 70%; 

�	 IV – Probably Unstable: glaciolacustrine deposits, other saturated glacial deposits, 
and fills inclined up to 50% are included. Other glacial deposits may be inclined up 
to 70% if they are not saturated or gullied. Any slopes showing evidence of creep fall 
into this category; and 

�	 V – Unstable: fill and glaciolacustrine deposits exceeding 50% gradient, and all 
other glacial deposits exceeding 70% gradient, are included. All rapid mass 
movement source and deposition areas are included, including thick deposits of 
colluvium. Any saturated ground in excess of 50% gradient is included. 

A complete discussion of the terrain mapping is provided in the BGC report (Appendix
 
B).
 

2.4 SUMMARY OF RESULTS 

While the complete BGC report is provided in Appendix B, a colour coded figures
 
showing the terrain mapping results are provided in Figures 2-1, 2-2, and 2-3.
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3. HYDROLOGY 

3.1 STILL CREEK WATERSHED 

Renfrew Ravine Park and Renfrew Community Park are located in the headwaters of the
 
Still Creek watershed, which is delineated in Figure 3-1. Most of the upper watershed is
 
located within the City of Vancouver, with a small portion extending into the City of
 
Burnaby. The total drainage area upstream of the park is about 5.58 km2.
 

As shown in Figure 3-1, the upper watershed is almost completely developed. Notable
 
green spaces in the upper watershed include the northern portion of Central Park in
 
Burnaby and Killarney Park and a few other smaller fields. The major pipes of the
 
stormsewer network are shown on Figure 3-1 in blue, and indicate how precipitation is
 
normally conveyed from the Vancouver streets to the first open channel section of Still
 
Creek at the Renfrew Ravine. The underground piping and aerial photos were provided
 
to the project by the City of Vancouver Engineering department with approval from the
 
Park Board. Of note, the catchment immediately to the south of the upper Still Creek
 
catchment is the Vivian Creek catchment, which flows to the Fraser River and does have
 
small populations of resident Cutthroat Trout in the Fraserview Golf Course.
 

Figure 3-2 provides a detailed view of Renfrew Ravine Park and Renfrew Community
 
Park, with the neighbouring stormsewer and combined sewer system. As can be seen
 
from both Figures 3-1 and 3-2, all of the catchment upstream of Still Creek is dedicated
 
stormsewer; however, there are some isolated sections of combined sewer near the
 
Kingsway corridor and a small portion of combined sewer adjacent to Renfrew Ravine
 
Park. The combined mains in the upper watershed appear to be isolated from the
 
stormwater mains although cross-connection issues have been noted in parts of the Still
 
Creek watershed1.
 

Inspection of the GIS piping information and field investigations confirmed the two
 
stormsewer outfalls to Still Creek, one on the east bank of Renfrew Ravine from 26th
 

Avenue and the other on the east bank of Renfrew Community Park at 20th Avenue. The
 
combined sewer system on the west bank of the Renfrew Ravine is reported to drain to
 
the northwest, which is consistent with field observations and the general topography.
 
The redirection of this combined sewer catchment to the northwest effectively reduces
 
the catchment area that might otherwise be directed into Still Creek downstream of
 
Renfrew Ravine Park.
 

Combined sewers were commonly constructed in the mid 1900s, whereby precipitation
 
collected both from streets or building lots would be conveyed in the same pipes as
 

1 
From Pipe Dreams to Healthy Streams: A Vision for the Still Creek Watershed (The Integrated Stormwater Management Plan for 
the Still Creek Watershed). January 2007. 
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domestic sanitary sewage. The practice of the late 1900s and currently is to construct
 
independent sanitary sewers and stormwater sewers to better limit the cost of sewage
 
treatment and some of the environmental issues associated with combined sewer
 
overflows. The City of Vancouver, along with other older municipalities such as the City
 
of Burnaby, has been actively separating combined sewers. In the event that the
 
combined sewer west of Renfrew Ravine is separated in the future, the City of Vancouver
 
could consider implementing some best management practices to both attenuate peak
 
flows and address water quality if directed to Still Creek.
 

At the upstream end of Renfrew Ravine, the contributing watershed discharges to Still
 
Creek through a circular concrete pipe, measured in the field to be about 1.8 m in
 
diameter. This pipe captures discharges from the 5.58 km2 upper watershed, which can
 
be roughly divided into two sub-catchments on either side of Kingsway. The western
 
sub-catchment is referred to as the Rhodes Trunk catchment and the eastern sub-

catchment, the Collingwood Trunk catchment.
 

3.2 HYDROMETRIC MONITORING 

Metro Vancouver is responsible for much of the operation and management of Still Creek
 
as regional drainage infrastructure. The Water Survey of Canada at one time maintained
 
hydrometric (creek flow monitoring) stations on Still Creek at Gilmore Avenue between
 
1958 and 1978. Metro Vancouver as part of a management plan for the Brunette River
 
basin (including Still Creek) undertook development of a hydrometric program on Still
 
Creek and various tributaries2. These hydrometric stations include:
 

� Still Creek at Douglas Road; 
� Deer Lake Brook at Canada Way; 
� Stoney Creek at Government Road; 
� Eagle Creek at Winston Street; and 
� Still Creek at 22nd Avenue. 

In the upper reaches of Still Creek, Metro Vancouver has an automatic stage recorder at
 
the outlet of the box culvert downstream of 22nd Avenue, in Renfrew Community Park.
 
Based on discussions with Metro Vancouver, this station has some available data;
 
however, there have been recent technical problems with the station and Metro
 
Vancouver is still developing a rating curve for this station. Don Maurer of Metro
 
Vancouver was contacted during the project; however, no reliable data could be provided
 
for the project.
 

2 
December 1998. Greater Vancouver Regional District Still Creek – Brunette River Floodplain Mapping. Technical Report. 
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The Still Creek at 22nd Avenue station is the newest of the monitoring stations and is
 
reported to have been installed in 2007. The other stations have been in place since the
 
1998 floodplain mapping work was conducted, or from previous programs.
 

Hydrometric data is also collected on Beecher Creek on behalf of a local streamkeeper
 
group. KWL worked with the streamkeeper group to establish the gauge, which collects
 
flow, stream temperature, and conductivity. This data is reported in a real-time web
 
interface on the KWL Emerald system (www.kwlemerald.com).
 

UPPER STILL CREEK DISCHARGE AND STAGE MEASUREMENTS 

As part of the KWL work program for the current project, discharge and stage
 
measurements were conducted in Renfrew Community Park. Discharge was measured
 
just upstream of a pedestrian bridge, at a relatively uniform section. Stage was measured
 
at the outlet of the box culvert near 22nd Avenue (Metro Vancouver station). The intent
 
of this work was to determine some characteristic discharges and develop preliminary
 
data to assess the Metro Vancouver data. Discharge and stage measurements are
 
summarized in Table 3-1.
 

Table 3-1: Stage and Discharge Measurements 

Date Discharge 
(L/s) 

Stage 
(m) 

November 23, 2007 70 0.03 

December 14, 2007 240 0.07 

February 15, 2008 370 0.065 

March 3, 2008 1390 0.2 

Note: Discharge measured about 9 m upstream of a pedestrian bridge in 
Renfrew Community Park. Stage measured in the box culvert outlet at the 
upstream end of the park. 

The November 2007 flow is the lowest flow measured in the course of this study: about
 
69 L/s (note: 1000 L/s = 1 m3/s). It is possible that summer baseflow may be less than
 
what was measured in November. Baseflow rates for the Lower Mainland range from
 
about 1 L/s/km2 to 5 L/s/km2, which translates to a range of about 6 L/s to 28 L/s for Still
 
Creek at 29th Avenue.
 

The measurements on December 14th and on February 15th indicate very similar stages in
 
the box culvert but differing discharges downstream in the channel. This indicates some
 
uncertainty in the stage or discharge measurement on these dates, which could be
 
confirmed with additional stage and discharge measurements, or stages could be
 
confirmed from the Metro Vancouver station. This also shows that measurement of very
 
small stage ranges is difficult, and measurements are prone to error without very well
 
established measurement methods.
 

Measurements on February 15, 2008, and March 3, 2008 were made following heavy
 
precipitation. The culvert used for stage measurements is a 1.8 m by 1.8 m (6’ by 6’)
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concrete box design, at a gradient of 2.5%. As indicated in Table 3-1, the depth of flow
 
in the culvert is quite shallow and relatively minor changes in stage may result in larger
 
changes in discharge, as can be seen between the December and February measurements.
 
While the measurements provide some initial benchmark data, data collected to this point
 
do not permit the development of a reliable stage-discharge curve.
 

3.3 PEAK FLOW ESTIMATES 

For the purposes of this report, a number of methods were employed to estimate peak
 
flows including:
 

� rainfall-runoff modelling; 
� derivation of unit peak flows from other urbanized catchments; and 
� hydraulic modelling of creek and culvert sections. 

These methods are described below.
 

RAINFALL-RUNOFF MODELLING 

A lumped rainfall-driven hydraulic SWMM model was used to estimate the 100-year
 
return period discharge for Still Creek at 29th Avenue. The catchment area at 29th
 

Avenue is approximately 558 ha (5.58 km2) and is estimated to be about 65% impervious
 
area. Input rainfall data were derived from Metro Vancouver station VA04 (Renfrew
 
Elementary School). Model results for the 100-year return period 2-hour storm yield an
 
estimated peak flow of 27 m3/s. It should be noted that the KWL model is uncalibrated.
 

In comparison, peak flow results from 1998 GVRD calibrated rainfall-runoff modelling
 
are generally lower3. The estimated 200-year return period 2 hour storm peak flow is
 
19 m3/s after scaling to the drainage area of the upper watershed. The GVRD model has
 
been calibrated based on longer records lower down in the watershed. Therefore, the
 
calibrated model results may not capture the expected quicker hydrologic response of the
 
upper watershed.
 

REGIONAL ANALYSIS 

Water Survey of Canada (WSC) data were obtained for local small and urbanized
 
catchments. There are only two regional stations that meet these requirements with
 
sufficiently long records for analysis:
 

� WSC 08GA061: Mackay Creek at Montroyal Boulevard (area = 3.63 km2); and 
� WSC 08GA065: Noons Creek at Meridian Substation Road (area = 2.59 km2). 

3 
December 1998. Greater Vancouver Regional District Still Creek – Brunette River Floodplain Mapping. Technical Report. 
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Two additional WSC stations with larger and less urbanized catchments were included in
 
the analysis for comparison:
 

� WSC 08GA047: Roberts Creek at Roberts Creek (area = 32.6 km2); and 
� WSC 08GA060: Chapman Creek above Sechelt Diversion (area = 64.5 km2). 

KWL operates a number of hydrometric stations in the Metro Vancouver region, and
 
peak flow data from these stations were also reviewed for this project. Catchments are
 
generally small (1 km2 to 11 km2) and highly urbanized. Most of the stations are located
 
in Surrey, with records lengths of between 7 and 12 years. Some stations are located in
 
North Vancouver and Burnaby but these records are generally much shorter.
 

The regional peak flow data show a relatively strong relation between drainage area and
 
mean annual flood (instantaneous). Based on this relation, the mean annual instantaneous
 
flood for Still Creek at 29th Avenue is estimated to be about 10 m3/s.
 

WSC and longer regional instantaneous peak flow data were used in a flow frequency
 
analysis to estimate the range of regional unit peak flows for return periods of between
 
1.25 years and 20 years. Return period peak flows were estimated using Environment
 
Canada’s Consolidated Frequency Analysis software (CFA v.3.1) to fit the Generalized
 
Extreme Value, Three-parameter Log-normal and Log Pearson Type III frequency
 
distributions to the observed data. Unless significant lack of fit was observed, the results
 
from all three distributions were averaged.
 

Figure 3-3 presents estimated unit peak flows (m3/s/km2) from the WSC stations and the
 
KWL stations as well as from the rainfall-runoff modelling, for comparison. As shown in
 
the plot, there is considerable variation in estimated unit peak flows even among stations
 
with smaller drainage areas. Noons Creek appears to be an outlier, consistently
 
indicating unit peak flows that range from 1.5 to 2.5 higher than the other stations. Both
 
of the WSC stations with larger drainage areas plot near the lower end of the range as
 
would be expected. The KWL rainfall-runoff model result is very similar to the
 
estimated unit peak flow for Mackay Creek, while the GVRD modelling results tend to
 
fall closer to Chapman Creek. Based on the estimated regional unit peak flows, the range
 
of peak flows for Still Creek at 29th Avenue is summarized in Table 3-2.
 

Table 3-2: Estimated Peak Flows From Regional Analysis 

Return Period 
(yr) 

Estimated Range of Peak Instantaneous Flow 
(m

3
/s) 

1.25 3 to 8 

2 4 to 11 

5 6 to 15 

10 8 to 18 

20 10 to 21 

50 12 to 24 

100 14 to 29 
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HYDRAULIC ANALYSIS 

Simplified hydraulic analysis was conducted for a creek and culvert cross-section in order
 
to evaluate flow conveyance capacity at high flow conditions. The first approach was to
 
relate high water marks measured in the field with flood discharge at the inlet of the 22nd
 

Avenue culvert using CulvertMaster v.1.0. High water marks are assumed to correspond
 
to heavy rainfall events in fall 2007. The following input parameters were used:
 

� concrete box culvert; 
� 1.83 m by 1.83 m; 
� 127.5 m long; and 
� 2.5% gradient. 

Model results indicate that the culvert is inlet-controlled. Based on the measured high
 
water marks at about 1.4 m above the inlet, this headwater elevation corresponds to a
 
discharge of about 4 m3/s. If it is assumed that the culvert is flowing full, the estimated
 
discharge increases to about 6 m3/s.
 

Creek profile and cross-sections measured in Renfrew Ravine Park and Renfrew
 
Community Park were used to estimate bankfull discharge using FlowMaster. Channel
 
conveyance at bankfull was estimated for sections in Renfrew Ravine Park, and a high
 
water mark was used to estimate the corresponding discharge in Renfrew Community
 
Park. The 1.8 m diameter culvert at 27th Avenue was also assessed. Hydraulic modelling
 
results are summarized in Table 3-3.
 

Table 3-3: Hydraulic Modelling Results 

Location Condition 
Estimated 
Discharge 

(m
3
/s) 

Renfrew Community Park, about 9 m 
upstream of the wooden pedestrian bridge. 

High water mark 
(about 0.9 m above the bed). 

8 to 18 

Renfrew Ravine, upstream of the 22
nd 

Avenue 
culvert.

1 
Bankfull 
(top of bank to top of bank). 

8 to 30 

Inlet of 27
th 

Avenue culvert midway in Renfrew 
Ravine 

Theoretical capacity to the top of 
the culvert at inlet 

6 

Inlet of 22
nd 

Avenue culvert, at downstream 
end of Renfrew Ravine Park. 

High water marks 
(about 1.4 m above the invert). 

4 

Note: 
1. Water levels at this section could be influenced by backwater effects from the 22

nd 
Ave culvert and are not 

considered for peak flow analysis. 

The assessment of high water marks in the channel should be considered carefully.
 
Without developing a more rigorous hydraulic model, it is difficult to assess the effect of
 
backwater effects, downstream hydraulic constrictions, and channel roughness on the
 
flood profile. Therefore, the lower bound may be an estimate of the actual discharge in
 
Still Creek, while the upper bound would represent a channel capacity in the absence of
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flow obstructions such as culverts. Overall, the Still Creek channel has higher
 
conveyance capacity than the culverted sections and higher water levels are probably due
 
to capacity limitations at culvert inlets.
 

Other high water marks were noted in the field including evidence of overbank flows at
 
the culvert inlet located at the downstream end of Renfrew Community Park. High water
 
marks in Renfrew Ravine Park generally indicate that recent floods have overtopped
 
channel banks, especially in the narrow protected bank sections.
 

It is also important to recognize that the peak flow at 29th Avenue is restricted by the
 
conveyance capacity of the upstream stormsewer network, which discharges from a 1.8 m
 
diameter concrete pipe. Under the assumption that the stormsewer is at capacity, based
 
on the outfall size it would be expected from pipe area and exit velocity that discharge
 
could be as high as 15 m3/s for velocities of about 5 m/s. It is possible that while the
 
upstream catchment is capable of generating discharges in excess of 20 m3/s at 29th
 

Avenue, there may be limitations in the stormsewer system that would change the
 
character of flood hydrology in upper Still Creek. This work would have to be confirmed
 
with a detailed network analysis.
 

Discussions with the Metro Vancouver also indicated that the culvert at the downstream
 
end of Renfrew Community Park (near Renfrew Street) has been sufficiently blocked in
 
the past so that backwatering occurred to such an extent that water overtopped the ravine
 
slope. An indication of this phenomenon was seen in the field (as shown in Photos 15,
 
16, and 17 of Appendix A). While there is likely a limited ability for the upstream
 
catchment to convey the floods in excess of 10 to 20-year return period, the potential for
 
blocking of culverts could cause flooding that would exceed inundation depths expected
 
for the flood discharge.
 

3.4 SUMMARY 

The results of the hydrological assessment for Still Creek between 29th Avenue and 20th
 

Avenue may be summarized as:
 

�	 low flow (or base flow derived from groundwater) is expected to be in the range of 
70 L/s; 

�	 the mean annual flood flow for the Still Creek at the Renfrew Ravine based on 
catchment size and regional measurements is about 10 m3/s; 

�	 the capacity of the 27th Avenue and 22nd Avenue culverts without headwatering (1.8 
m water depth) is 6 m3/s and 11 m3/s respectively; 

�	 potential 100-year return period instantaneous unit flow rates in the 5.58 km2 

catchment are expected to range between 3.5 m3/s/km2 and 4.5 m3/s/km2, with a 
conservative estimate of a peak instantaneous flow of 25 m3/s; 

�	 the peak expected flow from the 29th Avenue stormsewer outfall is expected to be less 
than 20 m3/s; 
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�	 discharges above 6 m3/s would cause very high water (> 2 m) upstream of the 27th 

Avenue culvert; 
�	 discharges above 11 m3/s would cause very high water (> 2 m) upstream of the 22nd 

Avenue culvert; and 
�	 backwatering and limited overbank flooding is expected at the 20th Avenue culvert 

due to losses from woody debris caught on the debris trap and limitations in capacity. 

The peak flow analysis on Still Creek indicates that there is inherent uncertainty in the
 
hydrological estimates. It should be noted that as the peak flow estimates are not based
 
on physical measurements, they will have a higher degree of associated uncertainty.
 
Therefore, as Metro Vancouver further develops data on Still Creek, it may be possible to
 
reduce the uncertainty associated with these estimates.
 

Furthermore, the current infrastructure acts to attenuate flows in parts of Renfrew Ravine
 
Park and Renfrew Community Park. Future channel or culvert upgrading or daylighting
 
should consider how potential flooding could be affected by infrastructure changes.
 
Presently, flood risk is highest at the upstream ends of culverts where entrance losses
 
could result in high backwater.
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4.
 WATER AND SOIL QUALITY 

BACKGROUND 

The 2002 Enhancement Study references and supports previous British Columbia
 
Institute of Technology (BCIT) conclusions that urban runoff is likely to have conveyed
 
contaminants that may have contaminated soil in Renfrew Ravine. The report also
 
recommends further water and soil quality testing to determine feasibility of future
 
enhancements.
 

The 2007 ISMP Support Document 1 – Environment also summarizes reports of poor
 
water quality found in the Still Creek system in a study prepared by BCIT4. The results
 
include:
 

�	 high dissolved metals loadings including eight metals exceeding the criteria for 
aquatic life or recreation; 

�	 high fecal coliform counts that correlate positively with discharge; 
�	 nutrients (phosphorus and nitrogen) concentrations increased with discharge; 
�	 polycyclic aromatic hydrocarbons (PAHs) in suspended solids were two to three 

orders of magnitude higher than other parts of the Fraser River system; and 
�	 other contaminants including: dioxins/furans, PCBs, organochlorine pesticides, and 

DDT were higher that neighbouring systems and/or exceeded the guidelines for water 
quality for protection of aquatic life or recreation. 

Based on the previous observations, a limited water and soil quality testing program was
 
implemented to determine site specific water and soil quality data. The SCSS has begun
 
to undertake a monthly water quality sampling program using a handheld probe to collect
 
temperature, pH, dissolved oxygen, and conductivity. Therefore, the sampling program
 
for this study was implemented to address other contaminants and physical/chemical
 
water properties with comparable quality standards or guidelines.
 

WATER AND SOIL SAMPLING 

WATER 

Water quality samples were collected on February 20 and March 3, 2008. Samples were
 
collected at the 22nd Avenue culvert outlet in Renfrew Community Park. Table 4-1
 
summarizes the sample results. Discharge on February 20th was not directly measured,
 
but the discharge can be estimated at about 100 L/s based on stage measurements at the
 
culvert and based on physical observations, which represents a typical low flow. The
 

4 
BCIT, 1998 Still Creek Inventory, Issues and Opportunities. Draft Report prepared for the City of Burnaby. 
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March 3 sampling date was timed to coincide with a higher flow period and the discharge
 
is estimated to be about 1.4 m3/s.
 

The following table illustrates some of the primary test results for water quality. A
 
detailed list is provided in Table 4-3 and 4-4 and in Appendix C.
 

Table 4-1: Still Creek Water Quality Sampling Results 

Water Quality Parameter 
Sampling 
Results 

Feb. 20, 2008 

Sampling 
Results 

Mar. 3, 2008 

BOD mg/L 

(biochemical oxygen demand) 
<10 <10 

TSS mg/L 

(total suspended solids) 
8 56 

Low Molecular Weight PAH (µg/L) 

(polycyclic aromatic hydrocarbons) 
0.2 0.38 

High Molecular Weight PAH(µg/L) 

(polycyclic aromatic hydrocarbons) 
0.06 0.88 

Fecal coliform (MPN/100ml) <1 >2400 

Total Aluminum (mg/L) 0.292 1.5 

Total Arsenic (mg/L) 0.006 0.013 

Total Chromium (mg/L) <0.001 0.004 

Total Copper (mg/L) 0.007 0.0221 

Total Iron (mg/L) 0.773 1.83 

Total Lead (mg/L) 0.0017 0.0111 

Total Manganese (mg/L) 0.058 1.02 

Total Selenium (mg/L) 0.0001 0.0001 

Total Zinc (mg/L) 0.016 0.055 

As can be seen from the table above, the concentrations for most parameters are quite low
 
with some parameters below detectable levels. It can also been seen that the water
 
quality is strongly linked to discharge, and almost all parameter concentrations increased
 
with discharge. Most notably fecal coliform concentrations increased dramatically from
 
a non-detectable value to substantially higher number (bolded above). This very high
 
number of organisms is indicative of cross-connected sanitary sewers in the Still Creek
 
catchment.
 

The other values which either exceed the Canadian Council of Ministers of the
 
Environment (CCME; Federal) Guidelines for Protection of Aquatic Life, or the BC
 
Water Quality Guidelines include: copper, iron, and zinc. In Table 4-3, all measured
 
dissolved metals are compared with the Federal and Provincial Guidelines. The metals
 
with higher concentrations only slightly exceed the guidelines for the protection for
 
aquatic life and do not exceed regulated values under the provincial contaminated sites
 
regulation.
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Based on the water quality testing, the concentrations of dissolved metals and
 
hydrocarbons would allow aquatic life, which is seen in a number of urban streams. Of
 
greater concern, the large number of fecal coliforms during storm events indicate that
 
there could be health issues associated with recreation in and around Still Creek during
 
higher flow events.
 

SOIL 

Two soil samples were collected from the active channel in Renfrew Ravine Park on
 
February 20, 2008. Samples were collected in deposits of fine sediment adjacent to the
 
wetted channel. The purpose of the soil testing was to provide some baseline data and
 
determine the potential severity of previous conclusions regarding soil contamination.
 
Results are summarized in Table 4-2 and displayed in detail in Table 4-4.
 

Table 4-2: Still Creek Soil Quality Sampling Results 

Sample Parameter 
Sample 1 

(near 25
th 

Ave) 
Sample 2 

(upstream of 27
th 

Ave) 

LEPH (mg/kg) 

(Low Molecular Weight Extractable 
Petroleum Hydrocarbons) 

<100 <100 

HEPH (mg/kg) 

(High Molecular Weight Extractable 
Petroleum Hydrocarbons) 

348 219 

Total Antimony (mg/kg) 1.8 1.2 

Total Barium (mg/kg) 102 25.6 

Total Cobalt (mg/kg) 5.7 5.3 

Total Molybdenum (mg/kg) 1.2 4.3 

Total Nickel (mg/kg) 14.3 34.5 

Total Tin (mg/kg) 3.1 153 

Total Vanadium (mg/kg) 34 34 

The soil sampling results are compared with the BC Contaminated Sites Regulation
 
(CSR) concentrations for metals and PAHs. In general, like the water sampling results,
 
most of the higher concentrations including aluminum, iron, magnesium, phosphorus,
 
potassium, and sodium are not regulated under the CSR, but do show some indication
 
that these metals are either present in the soil or that stormwater is likely conveying
 
metals or compounds, which are evident in silt and fine sand of the creek bed.
 

Metals and hydrocarbons are typically found in fine soils (silts and clays). Both samples
 
were taken from the active channel in areas where there was higher potential for silts and
 
clays, but soils were still quite sandy. Any future sampling should investigate floodplain
 
areas where there would be a potential for substantial deposition of finer suspended
 
sediment. Of the metals and PAH tested, only tin at the upstream site exceeded Urban
 
Park and Residential Land use concentrations. This is not surprising, given that a small
 
particle of tin could result in a high concentration. Since Still Creek collects almost
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6 km2 of urban watershed and there is some fill evident in the area, it is likely that some
 
metals would be present.
 

4.3 FUTURE PROGRAMS 

Future sampling programs could include continuation of the current sampling program;
 
however, a number of parameters could be added if desired to further test parameters in
 
the CCME and BC Water Quality Guidelines. These could include: nutrients (ammonia,
 
nitrate and phosphorus), other metals and pesticides.
 

In addition, we would recommend the short or long term deployment of a water quality
 
measuring instrument. A multimetric instrument could be utilized to collect temperature,
 
pH, conductivity, dissolved oxygen, and a number of other parameters on a continuous
 
basis. This type of data would be correlated with stream discharge to determine the
 
actual effects of stormwater discharge on the system versus what can be captured in spot
 
samples on a monthly or more frequent basis. Continuous data would start to provide the
 
information necessary to determine whether most aquatic life can survive regular higher
 
flows with respect to water chemistry. These types of instruments can be rented on a
 
weekly or monthly basis to capture one or more storm events.
 

Soil sampling in floodplain areas could provide additional information to characterize the
 
extent of possible soil contamination. This is not a high priority at this time but could be
 
considered prior to any major earthworks project.
 

4.4 SUMMARY 

The initial water and soil quality data did not show high levels of contaminants, and the
 
parameters measured generally meet the BC Water Quality Guidelines for Protection of
 
Aquatic Life and Recreation during low flow conditions. The soil testing data also did
 
not exceed general Urban and Residential criteria under the CSR, with the exception of
 
tin.
 

Given that there is very little opportunity for storage or ponding of water in the Renfrew
 
reaches of Still Creek, there may be a net benefit to water and soil quality as the reach is
 
primarily a zone of transport rather than deposition. During low flow, water quality
 
appears sufficient to support aquatic life such as resident species of Cutthroat trout or
 
other fish if sufficient habitat were available.
 

However, if this reach were to be used for potential stormwater treatment (i.e. removal of
 
fine sediments), there would limited opportunity for other park use or habitat
 
enhancements. Large scale sedimentation facilities would also accumulate contaminants
 
that are bound to the fine sediments, thus requiring ongoing management and
 
maintenance.
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Table 4-3: Still Creek Water Quality Sampling Results 

Date: Regulation or Guideline Feb 20/08 Mar 03/08 

BC Water Quality Guidelines CCME Guidelines Notes 

Maxxam Job #: A807269 A809198 

Units Wildlife / Livestock Recreational Freshwater Aquatic 

Life 

Freshwater Aquatic 

Life 

BOD5 mg/L - - - - general indicator 

parameter 
<10 <10 

Total Hardness (CaCO3) mg/L - - - - general indicator 

parameter 
80.7 20 

TSS mg/L background+ 20 or 

20% > background 

- background+ 25 or 10% 

> background 

background+ 25 or 

10% > background 

(a) 8 56 

ELEMENTS BY ATOMIC SPECTROSCOPY (WATER) 

Maxxam ID I89914 J03005 

Sampling Date 20/02/2008 9:40 03/03/2008 0:00 

COC Number F77636 F62484 

Units 

Total Metals 

Total Aluminum (Al) mg/L 500 - - 5-100 (a) 0.292 1.5 

Total Antimony (Sb) mg/L - <0.0005 0.0013 

Total Arsenic (As) mg/L 25 - 5 0.005 (a) 0.0006 0.0018 

Total Barium (Ba) mg/L - - 1 - (b) 0.025 0.023 

Total Beryllium (Be) mg/L 0.001 - 0.0053 - (b) <0.0001 <0.0001 

Total Bismuth (Bi) mg/L - - - - <0.001 <0.001 

Total Boron (B) mg/L 5 - 1.2 - (a) 0.019 0.011 

Total Cadmium (Cd) mg/L 80 - 10EXP{0.86[log(hardne 

ss)] - 3.2} 
0.000017 (b) 

0.00003 0.00013 

Total Calcium (Ca) mg/L - - - - 23.9 6.31 

Total Chromium (Cr) mg/L - - - - (b) <0.001 0.004 

Total Cobalt (Co) mg/L 1000 - 0.9 - (a) <0.0005 0.0007 

Total Copper (Cu) mg/L 300 1000 (0.094*hardness+2) 0.002-0.004 (a) 0.007 0.0221 

Total Iron (Fe) mg/L - - 1.0 0.3 (f) 0.773 1.83 

Total Lead (Pb) mg/L 100 50 e
(1.273ln(hardness)-1.460) 0.001-0.007 (a) 

0.0017 0.0111 

Total Magnesium (Mg) mg/L - - - - 5.14 1.02 

Total Manganese (Mn) mg/L - - 0.0044(hard.)+0.605 - (a) (c) 0.058 0.056 

Total Mercury (Hg) mg/L 0.000026 <0.00002 <0.00002 

Total Molybdenum (Mo) mg/L 0.05 - 2 0.073 (a) 0.001 <0.001 

Total Nickel (Ni) mg/L 1 0.025 (hard.=0-60) 

0.065 (hard.=60-120) 

0.110 (hard.=120-180) 

0.150 (hard.>180) 

0.025-0.150 (b) 

<0.001 

0.002 

Total Potassium (K) mg/L - - 373 - (b) 2.41 0.86 

Total Selenium (Se) mg/L 4 - 2 0.001 (a), (c) <0.0001 0.0001 

Total Silicon (Si) mg/L - - - - 7.8 3.1 

Total Silver (Ag) mg/L 2000 5000 7.5 +0.75(H-90) 0.0001 (a), (c) <0.00002 0.00003 

Total Sodium (Na) mg/L - - - - 17.1 3.75 

Total Strontium (Sr) mg/L - - - - 0.148 0.03 

Total Sulphur (S) mg/L - - - - 5 <3 

Total Thallium (Tl) mg/L 0.3 0.0008 (b), (h) <0.00005 <0.00005 

Total Tin (Sn) mg/L - - - - <0.005 <0.005 

Total Titanium (Ti) mg/L - - 2 - (b) 0.012 0.061 

Total Uranium (U) mg/L 200 - 300 - (b) 0.0001 <0.0001 

Total Vanadium (V) mg/L 100 - 6 - <0.005 <0.005 

Total Zinc (Zn) mg/L 2000 5000 7.5 +0.75(H-90) 0.03 (a), (c) 0.016 0.055 

Total Zirconium (Zr) mg/L - - - - <0.0005 <0.0005 

Notes: 

(a) Value from "British Columbia Approved Water Quality Guidelines - 2006 Edition" http://www.env.gov.bc.ca/wat/wq/BCguidelines/approv_wq_guide/approved.html 

(b) Value from "A Compendium of Working Water Quality Guidelines for British Columbia" http://www.env.gov.bc.ca/wat/wq/BCguidelines/working.html 

(c) Value for average 30-day fresh water aquatic life. Higher peak or instantaneous values are accepted (values not provided here) 

(d) Freshwater aquatic life value is dependant on chloride. Value provided is the minimum. 

(e) pH may be outside of this value if it is not statistically different from background pH values. 

(f) Draft guideline Oct 25, 2007. http://www.env.gov.bc.ca/wat/wq/homesubs/draft_reports/iron_draft_oct07.pdf 

(g) Can be pH dependent below pH 6.5 

(h) Referenced from Ontario guideline 

(i) Value is commonly accepted, but not legal, requirement of the Fisheries Act 

Q:\2500-2599\2511-001\400-Work\WaterQual-Testing\StillCreekWaterQualitySamplingResults_2008-03-12.xls, StillCreekResults 



       

    

  

 
    

 

   

 

     

   

  

 

   

  

  

  

  

  

  

     

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

     

     

 

 

   

  

 

   

   

 

  

  

  

  

   

  

   

 

  

  

       

                

           

    

                   

       

 

Table 4-4: Still Creek Soil Quality Sampling Results 

Date: Regulation or Guideline Feb 20/08 Feb 20/08 

BC Contaminated Sites Regulation (a) Notes 

Maxxam Job #: A807269 A807269 

Units Urban Park Residential 
ZEN Ravine 1 ZEN Ravine 2 

Maxxam ID I89915 I89916 

Sampling Date 20/02/2008 10:30 20/02/2008 10:45 

COC Number F77636 F77636 

RESULTS OF CHEMICAL ANALYSIS OF SOIL 

Moisture % 22.6 20.3 

TOTAL PETROLEUM HYDROCARBONS (SOIL) 

Surrogate Recovery 

O-TERPHENYL (sur.) % 96 98 

CSR/CCME Metals - SOIL 

Total Aluminum (Al) mg/kg 8910 7190 

Total Antimony (Sb) mg/kg 20 20 (a) 1.8 1.2 

Total Arsenic (As) mg/kg 6.7 4.1 

Total Barium (Ba) mg/kg 500 500 (a) 102 25.6 

Total Beryllium (Be) mg/kg 4 4 (a) 0.1 0.2 

Total Bismuth (Bi) mg/kg 0.1 <0.1 

Total Cadmium (Cd) mg/kg 0.41 <0.2 ( 1 ) 

Total Chromium (Cr) mg/kg 25 55 

Total Cobalt (Co) mg/kg 50 50 (a) 5.7 5.3 

Total Copper (Cu) mg/kg 61.7 31.6 

Total Iron (Fe) mg/kg 18300 15000 

Total Lead (Pb) mg/kg 54.6 60.6 

Total Magnesium (Mg) mg/kg 4130 4030 

Total Manganese (Mn) mg/kg 217 191 

Total Mercury (Hg) mg/kg <0.05 <0.05 

Total Molybdenum (Mo) mg/kg 10 10 (a) 1.2 4.3 

Total Nickel (Ni) mg/kg 100 100 (a) 14.3 34.5 

Total Phosphorus (P) mg/kg 593 316 

Total Potassium (K) mg/kg 422 374 

Total Selenium (Se) mg/kg 3 3 (a) <0.5 <0.5 

Total Silver (Ag) mg/kg 20 20 (a) 0.13 0.05 

Total Sodium (Na) mg/kg 231 183 

Total Strontium (Sr) mg/kg 23.1 17.6 

Total Thallium (Tl) mg/kg <0.05 <0.05 

Total Tin (Sn) mg/kg 50 50 (a) 3.1 153 

Total Titanium (Ti) mg/kg 407 389 

Total Vanadium (V) mg/kg 200 200 (a) 34 34 

Total Zinc (Zn) mg/kg 189 88 

Total Zirconium (Zr) mg/kg <0.5 0.6 

Notes: 

(a) Value from "BC Environmental Management Act - Contaminated Sites Regulation - Schedule 4 - Generic Numerical Soil Standards"; 

B.C. Reg. 239/2007, July 1, 2007 

TOTAL PAH - SURFACE WATER 

Date: BC Water Quality Guidelines Notes Feb 20/08 Mar 03/08 

Fresh Water (chronic) Fresh Water (phototoxic) Sediments 

(Fresh 

Water) 

Maxxam ID I89914 J03003 

Sampling Date 20/02/2008 9:40 03/03/2008 12:00 

COC Number F77636 (b) F62484 

Polycyclic Aromatics 

Low Molecular Weight PAH`s ug/L 0.2 0.38 

High Molecular Weight PAH`s ug/L 0.06 0.88 

Total PAH ug/L 0.2 1.3 

Naphthalene 1 ug/L NR 0.01 ug/g (a) 0.05 0.03 

2-Methylnaphthalene NR NR NR (a) 0.06 0.03 

Quinoline ug/L <0.1 0.06 

Acenaphthylene ug/L <0.02 0.01 

Acenaphthene 6 ug/L NR 0.15 ug/g (a) <0.02 0.014 

Fluorene ug/L 12 ug/L NR 0.2 ug/g (a) 0.03 0.03 

Phenanthrene ug/L 0.3 ug/L NR 0.04 ug/g (a) 0.05 0.16 

Anthracene ug/L 4 ug/L 0.1 ug/L 0.6 ug/g (a) <0.02 0.05 

Acridine ug/L 3 ug/L 0.05 ug/L 1ug/g (a) <0.1 <0.05 

Fluoranthene ug/L 4 ug/L 0.2 ug/L 2 ug/g (a) 0.02 0.019 

Pyrene ug/L NR 0.02 ug/L NR (a) 0.04 0.02 

Benzo(a)anthracene ug/L 0.1 ug/L 0.1ug/L 0.2 ug/g (a) <0.02 0.05 

Chrysene ug/L NR NR NR (a) <0.02 0.08 

Benzo(b&j)fluoranthene ug/L <0.02 0.07 

Benzo(k)fluoranthene ug/L <0.02 0.06 

Benzo(a)pyrene ug/L 0.01 ug/L NR 0.06 ug/L (a) <0.02 0.08 

Indeno(1,2,3-cd)pyrene ug/L <0.04 0.06 

Dibenz(a,h)anthracene ug/L <0.04 0.02 

Benzo(g,h,i)perylene ug/L <0.04 0.09 

Notes: 

NR = not recommended due to insufficient data 

(a) From Table 25 of "British Columbia Approved Water Quality Guidelines"; 2006 Edition; Updated August 2006 

(b) Reportable detection limit raised due to limited initial sample amount 

Q:\2500-2599\2511-001\400-Work\WaterQual-Testing\[StillCreekSoilQualitySamplingResults_2008-03-04.xls]StillCreekResults 

Q:\2500-2599\2511-001\400-Work\WaterQual-Testing\StillCreekSoilQualitySamplingResults_2008-03-04.xls, StillCreekResults 
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5. MANAGEMENT PLAN FOR STILL CREEK 

5.1 GUIDING VISION 

The 2002 Enhancement Plan and the ISMP outline a number of concepts for both
 
Renfrew Ravine Park and Renfrew Community Park. Some of these concepts require
 
that further engineering analyses be conducted to determine their feasibility. The
 
following section summarizes most of the major recommendations from both documents.
 

2002 ENHANCEMENT PLAN 

�	 a deep well infiltration pilot project is recommended for the watershed upstream of 
Renfrew Ravine to test the feasibility of collecting and infiltrating the initial rainfall 
in a rain event and avoid piping it directly to Still Creek; 

�	 a pilot project of downspout disconnections is recommended in the upper watershed 
to increase the effective pervious area and reduce the runoff response to rainfall; 

�	 implementation of a suite of best management practices for collecting, storing and 
infiltrating rainfall to support baseflow and reduce the runoff response to rainfall; 

�	 the City of Vancouver source control program to eliminate cross-connections between 
commercial or industrial properties and the stormsewer should be maintained and 
supported; 

�	 constructed wetlands could be located in neighbourhood parks as a means to store and 
treat stormwater, including Renfrew Community Park, to provide some detention for 
small events, improve water quality and potentially provide habitat; 

�	 temporary flood storage in Renfrew Ravine was identified by the GVRD in a 1999 
Preliminary Flood Reduction Alternatives for Still Creek report, and was dismissed 
due to landowner and geotechnical concerns; and 

�	 habitat and stream rehabilitation in Renfrew Ravine and stream bank and bed 
rehabilitation in Renfrew Community Park – to include a detailed assessment of 
habitat potential, and construction of additional habitat or aesthetic features such as 
pools, riffles, and side channels. 

2007 INTEGRATED STORMWATER MANAGEMENT PLAN 

The ISMP supported many of the initiatives and best management practices that were
 
developed in the 2002 Enhancement Study, and reviewed and offered further background
 
on potential flood protection and water quality treatment facilities. A list of decision
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criteria was also developed to assess the potential enhancement projects in a structured
 
way.
 

The goals stated in the ISMP were less prescriptive that the previous Enhancement Study
 
and focused on the following criteria:
 

�	 Stream Corridor: connectivity of open channel, riparian areas, fish accessibility, 
channel complexity, macroinvertebrate community, and reduction of impervious 
areas; 

�	 Upland Habitat: increase in urban forest and street tree inventory, and increase the 
percentage of linked green space; 

�	 Water Quality: improved total suspended solids (TSS), fecal coliform, dissolved 
oxygen, and temperature; 

�	 Flooding: improve flood protection for 25-year return period storm, decrease length 
of flooded roads, decrease number of buildings flooded in a 200-year return period 
event; 

�	 Erosion: limit extent of sediment transport and number of erosion sites, and lower 
average flow velocity; 

�	 Recreation: increase recreational access and activities, increase length of trail, 
increase number of access points to creek, increase length of navigable channel; 

�	 Education: increase stewardship activities, decrease illegal dumping; and 

�	 Cost Effectiveness: address high benefit to cost projects where possible. 

5.2 HYDROLOGICAL AND GEOTECHNICAL OBSERVATIONS 

In order to provide more context to the hydrological and geotechnical study, a
 
preliminary review of available previous planning documents has been made and
 
summarized above. The following section will comment on the some of the above
 
initiatives as they relate to the two parks. Given that the authors of this report do not
 
have the long history with the previous planning processes, this review should be
 
considered preliminary and subject to discussion.
 

HYDROLOGICAL AND GEOTECHNICAL 

The above plans discussed two main categories of hydrological best management
 
practices:
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� catchment-wide infiltration best management practices and small scale detention; and 
� community scale initiatives (sub-catchment sized detention structures). 

In general, catchment-wide best management practices to slow the runoff response to
 
rainfall are supported. While expensive, there may be some opportunities to employ
 
some of these ideas west of the Renfrew Ravine in the event that the City of Vancouver
 
undertakes a sewer separation project in the near future. However, careful consideration
 
of implementation of infiltration works in the area of the Renfrew Ravine should be
 
undertaken as additional groundwater could lead to exacerbation of slope instability.
 

The one large detention structure that has previously been proposed for Renfrew Ravine
 
was reconsidered in the 2002 Enhancement Study. Impounding of water in Renfrew
 
Ravine is not recommended based on the very clear examples of previous landsliding,
 
earthflows and generally steep slope geometry. In order to make such a proposal
 
feasible, substantial engineering works would be likely required and would very much
 
change the character of Renfrew Ravine.
 

It is also important to note that Renfrew Ravine presently acts to detain and attenuate
 
peak flows given the flow restriction at the 27th and 22nd Avenue culverts. Additional
 
detention or flood reduction measures might better be implemented in the upper
 
catchment where the gradient and discharges are lower.
 

WATER QUALITY AND HABITAT 

Initial water quality parameters during low flow in Renfrew Community Park indicated
 
low levels of metals, hydrocarbons, fecal coliforms, and TSS. Other parameters of
 
interest raised in the ISMP include temperature and dissolved oxygen.
 

A series of ponds and wetlands was proposed for Renfrew Community Park to try to help
 
address water quality issues and provide some flood relief and physical habitat. There
 
are two large areas on either side of Still Creek midway through the park that could
 
provide good opportunity for some linked wetland and habitat/aesthetic pools. There is
 
also a low depression on the east side of the creek near the community centre that could
 
be developed into a wetland amenity.
 

Given the site constraints, it is likely that effective water quality treatment in a wetland
 
would not be possible during larger rain events (e.g. 500 L/s), as there wouldn’t be
 
sufficient time and space to remove the fine sediment (TSS) bound with dissolved metals
 
and PAH. At lower discharges (baseflow) the levels of contaminants are not sufficiently
 
high to warrant treatment. Therefore, our recommendation would be to try to address the
 
two existing outfalls (26th Avenue and 20th Avenue), and the 29th Avenue sewer, if
 
feasible, with end-of-pipe treatment options such as centrifugal settling systems that
 
would remove fines at higher discharges. This would allow Renfrew Community Park to
 
be used for purely aesthetic and habitat enhancements. The end-of-pipe treatments would
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likely benefit habitat enhancement works due to improved water quality and less
 
concentration of fine sediments and contaminants in constructed ponds and wetlands.
 

There may be other opportunities for ponds and wetlands in the upper watershed where
 
gradients are lower. These opportunities may only be realized in the future with land use
 
change and densification of single family lots.
 

EROSION AND GEOTECHNICAL STABILITY 

The bed of Still Creek through Renfrew Ravine is very stable, aside from scour at
 
culverts and outfalls, and the bed elevation is controlled by the two culvert crossings and
 
some deposits of cobble – boulder material that may have been derived from landsliding.
 
Some fine sediment is transported through the system, as can be seen from deposits
 
upstream of the 27th Avenue culvert and on some gravel bar edges.
 

With an absence of bedload (sediment transport through the creek) from upstream
 
sources and a very armoured bed, Still Creek is prone to lateral erosion in order to
 
dissipate the energy of the water during a flood. There are some locations in Renfrew
 
Ravine where lateral erosion has reached the ravine walls (as shown on the terrain maps).
 
Some consideration should be given to bank protection in these areas to limit landsliding.
 
If possible, aquatic habitat friendly bank protection should be implemented, and if
 
possible, the other bank should remain natural to allow for natural adjustment of the
 
creek channel.
 

In Renfrew Community Park, the entire channel is protected with either rock or concrete
 
retaining walls. Some of the rock retaining walls may soon reach the limit of service
 
based on vegetation growth, scour at the toe, and general wear. Replacement of the
 
existing walls with more natural boulder and vegetated banks is an alternative to the rock
 
walls. Protection of the banks in Renfrew Community Park should be maintained at
 
some level due to the steep slopes in the area and proximity to structures. Further
 
incision of the bed is unlikely as most of the channel bed has exposed bedrock surfaces.
 
Therefore, any enhancement of the channel should consider this constraint, with channel
 
enhancements modelled on the morphology of bedrock streams rather than that of
 
meandering rivers.
 

5.3 MANAGEMENT PLAN OPPORTUNITIES 

In discussions with the Still Creek Stewardship Society and the Vancouver Board of
 
Parks and Recreation, a number of goals for the parks were discussed. For Renfrew
 
Community Park the goals include making the park: attractive, inviting, amenable, and
 
interpretive, with an overall goal of improving the natural environment. For Renfrew
 
Ravine Park, the goals include: good access, improvements to the vegetation community,
 
and future potential habitat works.
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The following sections outline the management plan opportunities available for both
 
Renfrew Ravine Park and Renfrew Community Park. These opportunities are developed
 
below in sections that include:
 

� recreation development; 
� vegetation enhancement; 
� aquatic habitat enhancement; and 
� wildlife habitat enhancement. 

RENFREW COMMUNITY PARK 

Recreation Development 

In Renfrew Community Park there is a well developed trail system that has been recently
 
improved with the addition of fencing around the creek and near steeper slopes and
 
narrow areas. There could be some additional improvement to the trail system to
 
improve access, especially in areas where grades are steep. The trail system also lacks
 
“destinations” such as viewing areas, or seating areas. A park management plan could
 
investigate these opportunities and the potential for the integration of environmental
 
interpretive areas in the trail network.
 

Vegetation Enhancements 

Renfrew Community Park is also relatively well maintained; however, there are a number
 
of ornamental bushes and trees that have grown quite large. With the development of the
 
fence around Still Creek, one opportunity could be to incorporate more native riparian
 
plants near the creek, and removal of larger ornamental clumps. The riparian areas could
 
be developed in patches that could be fenced off to allow natural regeneration, and could
 
include both shrub and tree species.
 

Aquatic Habitat Enhancement 

There is very little aquatic habitat in Still Creek in Renfrew Community Park. The only
 
habitat exists in the small bedrock pools, and there is no refuge during high flow events.
 
Aquatic habitat could be developed in the community park; however, it is a fairly
 
involved commitment of providing area and capital cost for development. Therefore,
 
development of aquatic habitat is likely not as high of a priority as recreational
 
development and vegetation enhancement but should still be considered an important part
 
of the management plan.
 

The two main options for the development of aquatic habitat in the park system are off-

channel construction and in-channel upgrades. The off-channel pool concept links three
 
ponds for minor water quality treatment and habitat development. The upstream-most
 
pond could be a water treatment wetland allowing fine sediment to filter through denser
 
wetland vegetation before reaching the mid habitat pool. The mid and lower pools would
 
be purely habitat pools and would be connected by small channels that ideally would
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enter Still Creek in a pool area upstream of a rock riffle. The incorporation of off-

channel pools has the potential to:
 

�	 improve aquatic habitat by providing an area with lower velocities during high flow 
events, therefore minimizing the “flushing” effect of aquatic species; 

�	 provide an introductory level of water treatment through the settling of particles; 
�	 provide a small amount of storage during large rainfall events; and 
�	 provide aesthetically pleasing features and opportunities for education and 

interpretation. 

There are three locations which have been identified as possible locations for off-stream
 
aquatic habitat development; all of the opportunities are located in the Renfrew
 
Community Park (see Figure 5-3). It should be noted that these off-channel
 
developments would require a system to minimize the volume of water entering the pools
 
during high flow events.
 

In-stream channel improvements include the development of a stream channel restoration
 
plan that would systematically replace the mortared stone walls with more natural
 
vegetated banks, with more complex boulder elements and pools (possibly).
 

One approach would be to systematically replace the stone walls with engineered banks
 
using a combination of boulder elements (or riprap), planting elements (soil
 
bioengineering), and riparian planting. This could be done in lieu of the current
 
maintenance on the Still Creek walls by Metro Vancouver. This plan would potentially
 
replace all bank works throughout the community park upstream of the concrete flume
 
section near Renfrew Street.
 

Wildlife Habitat Enhancement 

Improvements to the existing wildlife habitat can be created in both parks by retaining or
 
planting habitat trees for migratory or upland birds through select removal of vegetation.
 
Also wildlife habitat could be improved through the development of more continuous
 
green corridors and linked green spaces through the region.
 

A concept of vegetated islands forming boulevards in the adjacent wide roads has been
 
proposed to aid in the linking of the Still Creek corridor, as shown on Figure 5-2 and 5-3.
 
This concept would need more development with appropriate professionals to ensure that
 
is feasible; however, it is considered worthy of more investigation and discussion as a
 
possible opportunity to facilitate and encourage wildlife to travel between the Renfrew
 
Ravine Park and the Renfrew Community Park, as well as with other green spaces in the
 
area. These aesthetic features would provide areas of refuge for wildlife to aid in the
 
transition between the different green spaces established in the parks
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RENFREW RAVINE PARK 

Recreation Development 

One of more feasible options for Renfrew Ravine Park would be to develop a trail system
 
likely comprising gravel trail on grade or elevated boardwalk areas to provide access to
 
the ravine bottom for stewardship and education. The ravine bottom trail could extend
 
from the culvert at the Boyd Diversion to 27th Avenue to meet to the existing trail at that
 
location. It is foreseen that one footbridge crossing would be required for this trail.
 

The use of a boardwalk pathway rather than a dirt or gravel pathway encourages users to
 
remain on the pathway in a more aesthetically pleasing method than using a fence to
 
achieve the same goal. This minimizes impacts on the environment by protecting
 
existing and new vegetation, minimizing erosion, and encourages protection of the stream
 
banks. A boardwalk is also considered ‘all-weather’ and can therefore be used year-

round and during elevated water levels. A proposed layout of the trail is shown in
 
Figures 5-1 and 5-2. Major considerations for the trail layout included:
 

�	 Avoiding steeper slopes and utilizing the terrace floodplain in the ravine bottom, 
which resulted in the incorporation of one stream crossing in Renfrew Ravine Park 
due to the narrow floodway region available between the channel and the steep valley 
walls. 

�	 The addition of lights along the pathway system will allow users safer access during 
the evenings, increasing the use of the pathway. 

�	 Maintaining access for roadway river crossings for Metro Vancouver. 

�	 Cost effectiveness of the project by addressing the high benefit of the pathway system 
to the costs associated with the project. 

A trail further upstream from 27th Avenue to 29th Avenue is considered a future option as
 
the ravine is much narrower in this location there is less ability to develop a trail. Also,
 
the presence of the Skytrain Station at 29th Avenue has likely led to some access and
 
dumping of refuse in the ravine near 29th Aveune. For the time being it may be better to
 
limit access to the ravine at 29th Avenue with fencing and focus on efforts further north.
 

Presently there is a section of perimeter trail on the east side of the Renfrew Ravine from
 
about 29th to 27th Avenue. In lieu of a ravine bottom trail, this trail could be continued
 
north along the edge of ravine. A trail and low fence along this length of the ravine could
 
assist in controlling invasive vegetation and providing good access and some education.
 
Any planning of trails and larger structures (platforms, etc.) should be done in
 
consultation with a geotechnical engineer.
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RENFREW RAVINE HYDROLOGY AND GEOTECHNICAL STUDY 

FINAL REPORT 
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Vegetation Enhancement 

Like recreational development, vegetation enhancement through the parks is another
 
feasible goal for the management plan for Renfrew Ravine Park. This element of the
 
management plan would include increasing the diversification and protection of the
 
vegetation. In Renfrew Ravine Park, vegetation could be used to promote bank stability
 
and efforts can be made on a small manageable scale to plant riparian trees such as
 
western red cedar, which would provide trees that could provide a long term mature
 
canopy.
 

Any vegetation enhancement would need to include an invasive vegetation control
 
component to provide good opportunities for growth.
 

Aquatic and Wildlife Habitat Development 

There are fewer needs for aquatic or wildlife habitat enhancement in Renfrew Ravine.
 
Off-channel works could be constructed in the ravine where there is available space but
 
careful consideration of slope stability would be required. Habitat works in the ravine
 
could be considered once the success of any works in Renfrew Community Park have
 
been implemented and can be evaluated.
 

OTHER CONSIDERATIONS 

Other considerations discussed by the Still Creek Stewardship Society include:
 

�	 The trash rack / inlet conditions at downstream end of Renfew Community Park at 
Renfrew Street could be improved to limit possible flooding. 

�	 The City of Vancouver Engineering department should review the BGC report and 
consider the longer term requirements for houses situated near Renfrew Ravine. 

�	 Opportunities for stormwater treatment at the end of pipe could be undertaken for the 
existing stormwater outfalls at 20th Avenue and 26th Avenue and at the outlet of 29th 

Avenue, if feasible. These initiatives would likely be implemented by the City of 
Vancouver Engineering and Metro Vancouver and may not form part of the Park 
Management Plan. 
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Project Manager
 

KERR WOOD LEIDAL ASSOCIATES LTD. 5-9 
Consulting Engineers 
2511.001 



 

   

     

 

     

 
 

 
 

 

 

 

 

 

 

 

  
    

  
  

  
  

 
  

  

 

   

 

 

 

 

0
 

0
 

2511.001 September 2008 

Still Creek Stewardship Society 

Renfrew Ravine Hydrology and Geotechnical Society 

Management Plan Opportunities 

Renfrew Ravine Park (South) 40 40 0 

M
a

p
 D

o
c
u

m
e
n

t:
 (

Q
:\
2

5
0

0
-2

5
9

9
\2

5
11

-0
0

1
\4

3
0

-G
IS

\M
X

D
s
\2

5
11

-0
0

1
F

ig
5

-1
.m

x
d

)
2
0

/1
0

/2
0
0

8
 -

-
1

:2
6

:4
8

 P
M

Project No. Date 

1:2,000 Scale 
Figure 5­1 

Legend 

Proposed Pathway 

Still Creek 

Instream Works 

Greenway Elements 

Optional Trail Alignment 
from 27th to 29th Street 

Existing Switchback for 
Preferred Trail Alignment 

Proposed Bridge Crossing 
to Facilitate Trail 

Proposed Fencing 
to Limit Access 

Still Creek Channel 

Proposed Trail 

27th Street Culvert Crossing 

29th Avenue 

N
o

o
tk

a
 S

tr
e
e
t 

27th Avenue 

26th Avenue 



 

   

     

 

     

 
 

 
 

 

 

 

 

 

 

 

 

  

   

   
    

   
   

     
    

 

   
   

 

 

0
 

2511.001 September 2008 

Still Creek Stewardship Society 

Renfrew Ravine Hydrology and Geotechnical Study 

Management Plan Opportunities 

Renfrew Ravine Park (North) 40 40 0 

M
a

p
 D

o
c
u

m
e
n

t:
 (

Q
:\
2

5
0

0
-2

5
9

9
\2

5
11

-0
0

1
\4

3
0

-G
IS

\M
X

D
s
\2

5
11

-0
0

1
F

ig
5

-2
.m

x
d

)
2
0

/1
0

/2
0
0

8
 -

-
1

:3
4

:1
8

 P
M

Project No. Date 

1:2,000 Scale Figure 5­2 

Legend 

Proposed Pathway 

Still Creek 

Instream Works 

Greenway Elements 

Still Creek 
Channel 

Proposed Footbridge Crossing 

Proposed Trail / Boardwalk 

Opportunity for Perimeter 
Trail and Invasive Vegetation Control 

Proposed Vegetated Islands 
for Greater Corridor Conintuity 

Primary Access to Trail System 
to Facilitate Metro Vancouver 
Maintenance Requirements 

Continue Native Riparian 
Planting Work on Floodplain 

22nd Avenue 

B
o
yd

D
iversio

n
 



 

   

     

 

   

 
 

 
 

 

 

 

 

 

 

 

 

 

 

  
 

 

  
 

  
   

  

  
  

 
 

0 

0
 

2511.001 September 2008 

Still Creek Stewardship Society 

Renfrew Ravine Hydrology and Geotechnical Society 

Management Plan Opportunities 

Renfrew Community Park 40 40 0 

M
a

p
 D

o
c
u

m
e
n

t:
 (

Q
:\
2

5
0

0
-2

5
9

9
\2

5
11

-0
0

1
\4

3
0

-G
IS

\M
X

D
s
\2

5
11

-0
0

1
F

ig
5

-3
.m

x
d

)
2
0

/1
0

/2
0
0

8
 -

-
1

:3
7

:0
1

 P
M

Project No. Date 

1:2,000 Scale Figure 5­3 

Legend 

Proposed Pathway 

Still Creek 

Instream Works 

Greenway Elements 

22nd Avenue 

N
o

o
tk

a
 S

tr
e
e
t 

R
e
n

fr
e

w
 S

tr
e
e

t 

Proposed Wetland Fish 
Habitat Complex 

Proposed Wetland 

Proposed Wetland Fish 
Habitat Complex 

Proposed Vegetated Islands 
for Greater Corridor Continuity 

Still Creek Channel 

Renfrew Community 
Centre Parking Area 

Potential Riparian 
Management Area 



 

  

 
 

 

Appendix A
 

Photos
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Photo 1 
Looking upstream at 29

th 
Avenue stormsewer outlet 

Photo 2 
Looking at west bank from stream channel – Class IV to V terrain stability class 
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Photo 3 
Looking downstream at 27

th 
Avenue culvert crossing 

Photo 4 
Looking at large failure surface on east slope of Renfrew Ravine downstream of 27

th 
Ave 
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PHOTO APPENDIX FINAL REPORT 

STILL CREEK STEWARDSHIP SOCIETY SEPTEMBER 2008 

Photo 5 
Looking at stormwater outfall at 26

th 
Avenue – note the channel incision since 

construction 

Photo 6 
Some iron coloured sediment and seepage on small bar downstream of 26

th 
Avenue 
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Photo 7 
Exposure of glaciolacustrine or glaciofluvial sediment on west slope near Boyd Diversion 

Photo 8 
Looking downstream at Boyd Diversion/22

nd 
Avenue Culvert Crossing 
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STILL CREEK STEWARDSHIP SOCIETY SEPTEMBER 2008 

Photo 9
 
Looking upstream in Renfrew Community Park (22

nd 
Avenue in background)
 

Photo 10 
Outlet of 22

nd 
Avenue culvert under higher flows 
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Photo 11 
Looking upstream in Still Creek at foot bridge in Renfew Community Park – low flow 
condition 

Photo 12 
Looking upstream from footbridge under higher flow condition – note blue flagging 
indicates previous high water mark 
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PHOTO APPENDIX FINAL REPORT 

STILL CREEK STEWARDSHIP SOCIETY SEPTEMBER 2008 

Photo 13 
Looking downstream near Renfrew Street in concrete channel section 

Photo 14 
Looking downstream in concrete channel section under higher flow condition 
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Photo 15 
Renfrew Street culvert inlet – note rafted debris indicated in the field near the top of debris 
rack 

Photo 16/17
 
Looking downstream at debris rack under low flow on the left and higher flow on the right.
 
Note the debris on the rack.
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Your Project #: 2511.001 
Your C.O.C. #: F77636 

Attention: David Matsubara 
KERR WOOD LEIDAL
 
BURNABY
 
Suite 200
 
4185A Still Creek Drive
 
Burnaby, BC
 
CANADA          V5C 6G9
 

Report Date: 2008/02/27 

CERTIFICATE OF ANALYSIS 

MAXXAM JOB #: A807269 
Received: 2008/02/20, 16:20 

Sample Matrix: Soil 
# Samples Received: 2 

Date Date 
Analyses Quantity Extracted Analyzed Laboratory Method Analytical Method 
Elements by ICPMS (total) 2 2008/02/21 2008/02/21 BRN SOP-00203 Based on EPA 200.8 
Moisture 2 N/A 2008/02/22 BRN SOP-00321 R3.0 Ont MOE -E 3139 
pH (2:1 DI Water Extract) ( 1 ) 2 2008/02/21 2008/02/22 BRN SOP-00266 R1.0 Carter, SSMA 16.2 
BC Hydrocarbons in Soil by GC/FID ( 1 ) 2 2008/02/21 2008/02/21 BRN SOP-00341 R5.0 BCMOE Soil Method 3 

Sample Matrix: Water 
# Samples Received: 1 

Date Date 
Analyses Quantity Extracted Analyzed Laboratory Method Analytical Method 
Biochemical Oxygen Demand 1 N/A 2008/02/27 BRN SOP-00261 R2.0 SM 5210 
Coliforms (MPN) 1 N/A 2008/02/20 BIO101 Rev 2.5 Based on SM-9223B 
Fecal Coliform as E. Coli (MPN) 1 N/A 2008/02/20 BIO101 Rev 2.5 Based on SM-9223B 
Hardness Total (calculated as CaCO3) 1 N/A 2008/02/24 
Na, K, Ca, Mg, S by CRC ICPMS (total) 1 2008/02/21 2008/02/23 BRN SOP-00204 Based on EPA 200.8 
Elements by CRC ICPMS (total) ( 1 ) 1 2008/02/21 2008/02/23 BRN SOP-00204 Based on EPA 200.8 
PAH in Water by GC/MS (SIM) 1 2008/02/21 2008/02/22 BRN SOP-00331 R6.0 Based on EPA 8270C 
Total LMW, HMW, Total PAH Calc 1 N/A 2008/02/25 
Total Suspended Solids 1 N/A 2008/02/25 BRN SOP-00277 R2.0 Based on SM - 2540 D 

* RPDs calculated using raw data.  The rounding of final results may result in the apparent difference. 

(1) SCC/CAEAL 
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Maxxam  Job  #: A807269 
Report Date: 2008/02/27 

KERR WOOD LEIDAL 
Client Project #: 2511.001 
Site Reference: 
Sampler Initials: DM 

RESULTS OF CHEMICAL ANALYSES OF SOIL 

Maxxam ID     I 8 9 9 1 5     I 8 9 9 1 6 
Sampling Date 2008/02/20 

10:30 
2008/02/20 

10:45 
COC Number F77636 F77636

 U n i t s ZEN RAVINE 1 ZEN RAVINE 2  R D L QC Batch 

Physical Properties 

Moisture % 22.6 20.3 0.3 2131757 

RDL = Reportable Detection Limit 
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Maxxam  Job  #: A807269 
Report Date: 2008/02/27 

KERR WOOD LEIDAL 
Client Project #: 2511.001 
Site Reference: 
Sampler Initials: DM 

TOTAL PETROLEUM HYDROCARBONS (SOIL) 

Maxxam ID     I 8 9 9 1 5     I 8 9 9 1 6 
Sampling Date 2008/02/20 

10:30 
2008/02/20 

10:45 
COC Number F77636 F77636

 U n i t s ZEN RAVINE 1 ZEN RAVINE 2  R D L QC Batch 

Hydrocarbons 

EPH (C10-C19) mg/kg <100 <100 100 2134308 

EPH (C19-C32) mg/kg 348 219 100 2134308 

Surrogate Recovery (%) 

O-TERPHENYL (sur.) % 96 98 2134308 

RDL = Reportable Detection Limit 
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Maxxam  Job  #: A807269 
Report Date: 2008/02/27 

KERR WOOD LEIDAL 
Client Project #: 2511.001 
Site Reference: 
Sampler Initials: DM 

RESULTS OF CHEMICAL ANALYSES OF WATER 

Maxxam ID     I 8 9 9 1 4 
Sampling Date 2008/02/20 

9:40 
COC Number F77636

 U n i t s 22ND D/S  R D L QC Batch 

Calculated Parameters 

Total Hardness (CaCO3) mg/L 80.7 0.5 2131211 

Demand Parameters 

Biochemical Oxygen Demand mg/L <10 10 2138623 

Physical Properties 

Total Suspended Solids mg/L 8 4 2133493 

RDL = Reportable Detection Limit 
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Maxxam  Job  #: A807269 
Report Date: 2008/02/27 

KERR WOOD LEIDAL 
Client Project #: 2511.001 
Site Reference: 
Sampler Initials: DM 

ELEMENTS BY ATOMIC SPECTROSCOPY (WATER) 

Maxxam ID     I 8 9 9 1 4 
Sampling Date 2008/02/20 

9:40 
COC Number F77636

 U n i t s 22ND D/S  R D L QC Batch 

Total Metals by ICPMS 

Total Aluminum (Al) mg/L 0.292 0.001 2131763 

Total Antimony (Sb) mg/L <0.0005 0.0005 2131763 

Total Arsenic (As) mg/L 0.0006 0.0001 2131763 

Total Barium (Ba) mg/L 0.025 0.001 2131763 

Total Beryllium (Be) mg/L <0.0001 0.0001 2131763 

Total Bismuth (Bi) mg/L <0.001 0.001 2131763 

Total Boron (B) mg/L 0.019 0.005 2131763 

Total Cadmium (Cd) mg/L 0.00003 0.00001 2131763 

Total Chromium (Cr) mg/L <0.001 0.001 2131763 

Total Cobalt (Co) mg/L <0.0005 0.0005 2131763 

Total Copper (Cu) mg/L 0.0070 0.0002 2131763 

Total Iron (Fe) mg/L 0.773 0.005 2131763 

Total Lead (Pb) mg/L 0.0017 0.0002 2131763 

Total Manganese (Mn) mg/L 0.058 0.001 2131763 

Total Mercury (Hg) mg/L <0.00002 0.00002 2131763 

Total Molybdenum (Mo) mg/L 0.001 0.001 2131763 

Total Nickel (Ni) mg/L <0.001 0.001 2131763 

Total Selenium (Se) mg/L <0.0001 0.0001 2131763 

Total Silicon (Si) mg/L 7.8 0.1 2131763 

Total Silver (Ag) mg/L <0.00002 0.00002 2131763 

Total Strontium (Sr) mg/L 0.148 0.001 2131763 

Total Thallium (Tl) mg/L <0.00005 0.00005 2131763 

Total Tin (Sn) mg/L <0.005 0.005 2131763 

Total Titanium (Ti) mg/L 0.012 0.005 2131763 

Total Uranium (U) mg/L 0.0001 0.0001 2131763 

Total Vanadium (V) mg/L <0.005 0.005 2131763 

Total Zinc (Zn) mg/L 0.016 0.005 2131763 

Total Zirconium (Zr) mg/L <0.0005 0.0005 2131763 

Total Calcium (Ca) mg/L 23.9 0.05 2138717 

Total Magnesium (Mg) mg/L 5.14 0.05 2138717 

Total Potassium (K) mg/L 2.41 0.05 2138717 

Total Sodium (Na) mg/L 17.1 0.05 2138717 

RDL = Reportable Detection Limit 
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Maxxam  Job  #: A807269 
Report Date: 2008/02/27 

KERR WOOD LEIDAL 
Client Project #: 2511.001 
Site Reference: 
Sampler Initials: DM 

ELEMENTS BY ATOMIC SPECTROSCOPY (WATER) 

Maxxam ID     I 8 9 9 1 4 
Sampling Date 2008/02/20 

9:40 
COC Number F77636

 U n i t s 22ND D/S  R D L QC Batch 

Total Sulphur (S) mg/L 5 3 2138717 

RDL = Reportable Detection Limit 

Page 7 of 17 



 

 

Maxxam  Job  #: A807269 
Report Date: 2008/02/27 

KERR WOOD LEIDAL 
Client Project #: 2511.001 
Site Reference: 
Sampler Initials: DM 

MICROBIOLOGY (WATER) 

Maxxam ID     I 8 9 9 1 4 
Sampling Date 2008/02/20 

9:40 
COC Number F77636

 U n i t s 22ND D/S  R D L QC Batch 

Microbiological  Param. 

Fecal Coliform as E. Coli MPN/100mL <1 1 2130768 

Parameter 

Total Coliforms MPN/100mL <1 1 2130755 

RDL = Reportable Detection Limit 
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Maxxam  Job  #: A807269 
Report Date: 2008/02/27 

KERR WOOD LEIDAL 
Client Project #: 2511.001 
Site Reference: 
Sampler Initials: DM 

CSR/CCME METALS - SOIL (SOIL) 

Maxxam ID     I 8 9 9 1 5     I 8 9 9 1 6 
Sampling Date 2008/02/20 

10:30 
2008/02/20 

10:45 
COC Number F77636 F77636

 U n i t s ZEN RAVINE 1  R D L ZEN RAVINE 2  R D L QC Batch 

Misc. Inorganics 

Soluble (2:1) pH pH Units 6.71 0.01 7.38 0.01 2131582 

Total Metals by ICPMS 

Total Aluminum (Al) mg/kg 8910 100 7190 100 2134453 

Total Antimony (Sb) mg/kg 1.8 0.1 1.2 0.1 2134453 

Total Arsenic (As) mg/kg 6.7 0.2 4.1 0.2 2134453 

Total Barium (Ba) mg/kg 102 0.1 25.6 0.1 2134453 

Total Beryllium (Be) mg/kg 0.1 0.1 0.2 0.1 2134453 

Total Bismuth (Bi) mg/kg 0.1 0.1 <0.1 0.1 2134453 

Total Cadmium (Cd) mg/kg 0.41 0.05 <0.2 ( 1 ) 0.2 2134453 

Total Chromium (Cr) mg/kg 25 1 55 1 2134453 

Total Cobalt (Co) mg/kg 5.7 0.3 5.3 0.3 2134453 

Total Copper (Cu) mg/kg 61.7 0.5 31.6 0.5 2134453 

Total Iron (Fe) mg/kg 18300 100 15000 100 2134453 

Total Lead (Pb) mg/kg 54.6 0.1 60.6 0.1 2134453 

Total Magnesium (Mg) mg/kg 4130 100 4030 100 2134453 

Total Manganese (Mn) mg/kg 217 0.2 191 0.2 2134453 

Total Mercury (Hg) mg/kg <0.05 0.05 <0.05 0.05 2134453 

Total Molybdenum (Mo) mg/kg 1.2 0.1 4.3 0.1 2134453 

Total Nickel (Ni) mg/kg 14.3 0.8 34.5 0.8 2134453 

Total Phosphorus (P) mg/kg 593 10 316 10 2134453 

Total Potassium (K) mg/kg 422 100 374 100 2134453 

Total Selenium (Se) mg/kg <0.5 0.5 <0.5 0.5 2134453 

Total Silver (Ag) mg/kg 0.13 0.05 0.05 0.05 2134453 

Total Sodium (Na) mg/kg 231 100 183 100 2134453 

Total Strontium (Sr) mg/kg 23.1 0.1 17.6 0.1 2134453 

Total Thallium (Tl) mg/kg <0.05 0.05 <0.05 0.05 2134453 

Total Tin (Sn) mg/kg 3.1 0.1 153 0.1 2134453 

Total Titanium (Ti) mg/kg 407 1 389 1 2134453 

Total Vanadium (V) mg/kg 34 2 34 2 2134453 

Total Zinc (Zn) mg/kg 189 1 88 1 2134453 

Total Zirconium (Zr) mg/kg <0.5 0.5 0.6 0.5 2134453 

RDL = Reportable Detection Limit 
( 1 )    RDL raised for Cd due to sample matrix interference. 
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Maxxam  Job  #: A807269 
Report Date: 2008/02/27 

KERR WOOD LEIDAL 
Client Project #: 2511.001 
Site Reference: 
Sampler Initials: DM 

TOTAL PAH - WATER (WATER) 

Maxxam ID     I 8 9 9 1 4 
Sampling Date 2008/02/20 

9:40 
COC Number F77636

 U n i t s 22ND D/S  R D L QC Batch 

Polycyclic Aromatics 

Low Molecular Weight PAH`s ug/L 0.2 0.1 2127626 

High Molecular Weight PAH`s ug/L 0.06 0.04 2127626 

Total PAH ug/L 0.2 0.1 2127626 

Naphthalene ug/L 0.05 ( 1 ) 0.02 2131938 

2-Methylnaphthalene ug/L 0.06 ( 1 ) 0.02 2131938 

Quinoline ug/L <0.1 ( 1 ) 0.1 2131938 

Acenaphthylene ug/L <0.02 ( 1 ) 0.02 2131938 

Acenaphthene ug/L <0.02 ( 1 ) 0.02 2131938 

Fluorene ug/L 0.03 ( 1 ) 0.02 2131938 

Phenanthrene ug/L 0.05 ( 1 ) 0.02 2131938 

Anthracene ug/L <0.02 ( 1 ) 0.02 2131938 

Acridine ug/L <0.1 ( 1 ) 0.1 2131938 

Fluoranthene ug/L 0.02 ( 1 ) 0.02 2131938 

Pyrene ug/L 0.04 ( 1 ) 0.02 2131938 

Benzo(a)anthracene ug/L <0.02 ( 1 ) 0.02 2131938 

Chrysene ug/L <0.02 ( 1 ) 0.02 2131938 

Benzo(b&j)fluoranthene ug/L <0.02 ( 1 ) 0.02 2131938 

Benzo(k)fluoranthene ug/L <0.02 ( 1 ) 0.02 2131938 

Benzo(a)pyrene ug/L <0.02 ( 1 ) 0.02 2131938 

Indeno(1,2,3-cd)pyrene ug/L <0.04 ( 1 ) 0.04 2131938 

Dibenz(a,h)anthracene ug/L <0.04 ( 1 ) 0.04 2131938 

Benzo(g,h,i)perylene ug/L <0.04 ( 1 ) 0.04 2131938 

Surrogate Recovery (%) 

D10-ANTHRACENE (sur.) % 95 2131938 

D12-BENZO(A)PYRENE (sur.) % 98 2131938 

D8-ACENAPHTHYLENE (sur.) % 90 2131938 

TERPHENYL-D14 (sur.) % 89 2131938 

RDL = Reportable Detection Limit 
( 1 )    RDL raised due to limited initial sample amount. 
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KERR WOOD LEIDAL 
Attention: David Matsubara 
Client Project #: 2511.001 
P.O. #:
 
Site Reference:
 

Quality Assurance Report 
Maxxam Job Number: VA807269 

QA/QC Date 
Batch Analyzed 
Num Init QC Type Parameter yyyy/mm/dd Value Recovery Units QC Limits 

2130755 SL7	 BLANK Total Coliforms 2008/02/20 <1 MPN/100mL 
2130768 SL7	 BLANK Fecal Coliform as E. Coli 2008/02/20 <1 MPN/100mL 
2131582 AL8	 SPIKE Soluble (2:1) pH 2008/02/22 100 % 96 - 104 

RPD Soluble (2:1) pH 2008/02/22 0.1 % 20 
2131757 RL2	 BLANK Moisture 2008/02/22 <0.3 % 

RPD Moisture 2008/02/22 1 % 20 
2131763 AA1 MATRIX SPIKE Total Arsenic (As) 2008/02/23 105 % 75 - 125 

Total Beryllium (Be) 2008/02/23 100 % 75 - 125 
Total Cadmium (Cd) 2008/02/23 101 % 75 - 125 
Total Chromium (Cr) 2008/02/23 116 % 75 - 125 
Total Cobalt (Co) 2008/02/23 109 % 75 - 125 
Total Copper (Cu) 2008/02/23 103 % 75 - 125 
Total Lead (Pb) 2008/02/23 103 % 75 - 125 
Total Nickel (Ni) 2008/02/23 82 % 75 - 125 
Total Selenium (Se) 2008/02/23 106 % 75 - 125 
Total Uranium (U) 2008/02/23 108 % 75 - 125 
Total Vanadium (V) 2008/02/23 116 % 75 - 125 
Total Zinc (Zn) 2008/02/23 NC % 75 - 125 

SPIKE Total Arsenic (As) 2008/02/23 97 % 75 - 125 
Total Beryllium (Be) 2008/02/23 97 % 75 - 125 
Total Cadmium (Cd) 2008/02/23 90 % 75 - 125 
Total Chromium (Cr) 2008/02/23 115 % 75 - 125 
Total Cobalt (Co) 2008/02/23 112 % 75 - 125 
Total Copper (Cu) 2008/02/23 111 % 75 - 125 
Total Lead (Pb) 2008/02/23 114 % 75 - 125 
Total Nickel (Ni) 2008/02/23 112 % 75 - 125 
Total Selenium (Se) 2008/02/23 94 % 75 - 125 
Total Uranium (U) 2008/02/23 115 % 75 - 125 
Total Vanadium (V) 2008/02/23 115 % 75 - 125 
Total Zinc (Zn) 2008/02/23 100 ( 1 ) % 75 - 125 

BLANK Total Aluminum (Al) 2008/02/23 <1 ug/L 
Total Antimony (Sb) 2008/02/23 <0.5 ug/L 
Total Arsenic (As) 2008/02/23 <0.1 ug/L 
Total Barium (Ba) 2008/02/23 <1 ug/L 
Total Beryllium (Be) 2008/02/23 <0.1 ug/L 
Total Bismuth (Bi) 2008/02/23 <1 ug/L 
Total Boron (B) 2008/02/23 <5 ug/L 
Total Cadmium (Cd) 2008/02/23 <0.01 ug/L 
Total Chromium (Cr) 2008/02/23 <1 ug/L 
Total Cobalt (Co) 2008/02/23 <0.5 ug/L 
Total Copper (Cu) 2008/02/23 <0.2 ug/L 
Total Iron (Fe) 2008/02/23 <5 ug/L 
Total Lead (Pb) 2008/02/23 <0.2 ug/L 
Total Manganese (Mn) 2008/02/23 <1 ug/L 
Total Mercury (Hg) 2008/02/23 <0.02 ug/L 
Total Molybdenum (Mo) 2008/02/23 <1 ug/L 
Total Nickel (Ni) 2008/02/23 <1 ug/L 
Total Selenium (Se) 2008/02/23 <0.1 ug/L 
Total Silicon (Si) 2008/02/23 <100 ug/L 
Total Silver (Ag) 2008/02/23 <0.02 ug/L 
Total Strontium (Sr) 2008/02/23 <1 ug/L 
Total Thallium (Tl) 2008/02/23 <0.05 ug/L 
Total Tin (Sn) 2008/02/23 <5 ug/L 
Total Titanium (Ti) 2008/02/23 <5 ug/L 
Total Uranium (U) 2008/02/23 <0.1 ug/L 

Burnaby: 8577 Commerce Court V5A 4N5 Telephone(604) 444-4808  Fax(604) 444-4511 
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KERR WOOD LEIDAL 
Attention: David Matsubara 
Client Project #: 2511.001 
P.O. #:
 
Site Reference:
 

Quality Assurance Report (Continued) 
Maxxam Job Number: VA807269 

QA/QC Date 
Batch Analyzed 
Num Init QC Type Parameter yyyy/mm/dd Value Recovery Units QC Limits 

2131763 AA1 BLANK Total Vanadium (V) 2008/02/23 <5 ug/L
 
Total Zinc (Zn) 2008/02/23 <5 ug/L
 
Total Zirconium (Zr) 2008/02/23 <0.5 ug/L
 

RPD Total Aluminum (Al) 2008/02/23 14.9 % 25
 
Total Copper (Cu) 2008/02/23 NC % 25
 
Total Iron (Fe) 2008/02/23 2.1 % 25
 
Total Lead (Pb) 2008/02/23 NC % 25
 
Total Manganese (Mn) 2008/02/23 0.3 % 25
 
Total Zinc (Zn) 2008/02/23 5.7 % 25
 

2131938 LS2 MATRIX SPIKE D10-ANTHRACENE (sur.) 2008/02/22 79 % 30 - 130
 
D12-BENZO(A)PYRENE (sur.) 2008/02/22 79 % 30 - 130
 
D8-ACENAPHTHYLENE (sur.) 2008/02/22 75 % 30 - 130
 
TERPHENYL-D14 (sur.) 2008/02/22 75 % 30 - 130
 
Naphthalene 2008/02/22 74 % 40 - 130
 
2-Methylnaphthalene 2008/02/22 68 % 40 - 130
 
Quinoline 2008/02/22 104 % 40 - 130
 
Acenaphthylene 2008/02/22 76 % 40 - 130
 
Acenaphthene 2008/02/22 72 % 40 - 130
 
Fluorene 2008/02/22 72 % 40 - 130
 
Phenanthrene 2008/02/22 83 % 40 - 130
 
Anthracene 2008/02/22 84 % 40 - 130
 
Acridine 2008/02/22 95 % 40 - 130
 
Fluoranthene 2008/02/22 83 % 40 - 130
 
Pyrene 2008/02/22 81 % 40 - 130
 
Benzo(a)anthracene 2008/02/22 77 % 40 - 130
 
Chrysene 2008/02/22 81 % 40 - 130
 
Benzo(b&j)fluoranthene 2008/02/22 89 % 40 - 130
 
Benzo(k)fluoranthene 2008/02/22 85 % 40 - 130
 
Benzo(a)pyrene 2008/02/22 89 % 40 - 130
 
Indeno(1,2,3-cd)pyrene 2008/02/22 81 % 40 - 130
 
Dibenz(a,h)anthracene 2008/02/22 85 % 40 - 130
 
Benzo(g,h,i)perylene 2008/02/22 83 % 40 - 130
 

SPIKE D10-ANTHRACENE (sur.) 2008/02/22 94 % 30 - 130
 
D12-BENZO(A)PYRENE (sur.) 2008/02/22 98 % 30 - 130
 
D8-ACENAPHTHYLENE (sur.) 2008/02/22 84 % 30 - 130
 
TERPHENYL-D14 (sur.) 2008/02/22 94 % 30 - 130
 
Naphthalene 2008/02/22 85 % 40 - 130
 
2-Methylnaphthalene 2008/02/22 78 % 40 - 130
 
Quinoline 2008/02/22 104 % 40 - 130
 
Acenaphthylene 2008/02/22 87 % 40 - 130
 
Acenaphthene 2008/02/22 80 % 40 - 130
 
Fluorene 2008/02/22 78 % 40 - 130
 
Phenanthrene 2008/02/22 98 % 40 - 130
 
Anthracene 2008/02/22 98 % 40 - 130
 
Acridine 2008/02/22 113 % 40 - 130
 
Fluoranthene 2008/02/22 97 % 40 - 130
 
Pyrene 2008/02/22 93 % 40 - 130
 
Benzo(a)anthracene 2008/02/22 94 % 40 - 130
 
Chrysene 2008/02/22 97 % 40 - 130
 
Benzo(b&j)fluoranthene 2008/02/22 103 % 40 - 130
 
Benzo(k)fluoranthene 2008/02/22 100 % 40 - 130
 
Benzo(a)pyrene 2008/02/22 108 % 40 - 130
 
Indeno(1,2,3-cd)pyrene 2008/02/22 105 % 40 - 130
 
Dibenz(a,h)anthracene 2008/02/22 105 % 40 - 130
 
Benzo(g,h,i)perylene 2008/02/22 101 % 40 - 130
 

Burnaby: 8577 Commerce Court V5A 4N5 Telephone(604) 444-4808  Fax(604) 444-4511
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KERR WOOD LEIDAL 
Attention: David Matsubara 
Client Project #: 2511.001 
P.O. #:
 
Site Reference:
 

Quality Assurance Report (Continued) 
Maxxam Job Number: VA807269 

QA/QC Date 
Batch Analyzed 
Num Init QC Type Parameter yyyy/mm/dd Value Recovery Units QC Limits 

2131938 LS2 BLANK	 D10-ANTHRACENE (sur.) 2008/02/22 89 % 30 - 130 
D12-BENZO(A)PYRENE (sur.) 2008/02/22 100 % 30 - 130 
D8-ACENAPHTHYLENE (sur.) 2008/02/22 82 % 30 - 130 
TERPHENYL-D14 (sur.) 2008/02/22 89 % 30 - 130 
Naphthalene 2008/02/22 <0.01 ug/L 
2-Methylnaphthalene 2008/02/22 <0.01 ug/L 
Quinoline 2008/02/22 <0.05 ug/L 
Acenaphthylene 2008/02/22 <0.01 ug/L 
Acenaphthene 2008/02/22 <0.01 ug/L 
Fluorene 2008/02/22 <0.01 ug/L 
Phenanthrene 2008/02/22 <0.01 ug/L 
Anthracene 2008/02/22 <0.01 ug/L 
Acridine 2008/02/22 <0.05 ug/L 
Fluoranthene 2008/02/22 <0.01 ug/L 
Pyrene 2008/02/22 <0.01 ug/L 
Benzo(a)anthracene 2008/02/22 <0.01 ug/L 
Chrysene 2008/02/22 <0.01 ug/L 
Benzo(b&j)fluoranthene 2008/02/22 <0.01 ug/L 
Benzo(k)fluoranthene 2008/02/22 <0.01 ug/L 
Benzo(a)pyrene 2008/02/22 <0.01 ug/L 
Indeno(1,2,3-cd)pyrene 2008/02/22 <0.02 ug/L 
Dibenz(a,h)anthracene 2008/02/22 <0.02 ug/L 
Benzo(g,h,i)perylene 2008/02/22 <0.02 ug/L 

RPD	 Naphthalene 2008/02/22 NC % 40 
2-Methylnaphthalene 2008/02/22 NC % 40 
Quinoline 2008/02/22 NC % 40 
Acenaphthylene 2008/02/22 NC % 40 
Acenaphthene 2008/02/22 NC % 40 
Fluorene 2008/02/22 NC % 40 
Phenanthrene 2008/02/22 NC % 40 
Anthracene 2008/02/22 NC % 40 
Acridine 2008/02/22 NC % 40 
Fluoranthene 2008/02/22 NC % 40 
Pyrene 2008/02/22 NC % 40 
Benzo(a)anthracene 2008/02/22 NC % 40 
Chrysene 2008/02/22 NC % 40 
Benzo(b&j)fluoranthene 2008/02/22 NC % 40 
Benzo(k)fluoranthene 2008/02/22 NC % 40 
Benzo(a)pyrene 2008/02/22 NC % 40 
Indeno(1,2,3-cd)pyrene 2008/02/22 NC % 40 
Dibenz(a,h)anthracene 2008/02/22 NC % 40 
Benzo(g,h,i)perylene 2008/02/22 NC % 40 

2133493 LL4	 MATRIX SPIKE Total Suspended Solids 2008/02/25 100 % N/A 
SPIKE Total Suspended Solids 2008/02/25 102 % N/A 
BLANK Total Suspended Solids 2008/02/25 <4 mg/L 
RPD Total Suspended Solids 2008/02/25 NC % 25 

2134308 JP1 MATRIX SPIKE	 O-TERPHENYL (sur.) 2008/02/21 99 % 70 - 130 
EPH (C10-C19) 2008/02/21 89 % 50 - 130 
EPH (C19-C32) 2008/02/21 82 % 50 - 130 

SPIKE	 O-TERPHENYL (sur.) 2008/02/21 94 % 70 - 130 
EPH (C10-C19) 2008/02/21 72 % 50 - 130 
EPH (C19-C32) 2008/02/21 104 % 50 - 130 

BLANK	 O-TERPHENYL (sur.) 2008/02/21 99 % 70 - 130 
EPH (C10-C19) 2008/02/21 <100 mg/kg 
EPH (C19-C32) 2008/02/21 <100 mg/kg 

Burnaby: 8577 Commerce Court V5A 4N5 Telephone(604) 444-4808  Fax(604) 444-4511 
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KERR WOOD LEIDAL 
Attention: David Matsubara 
Client Project #: 2511.001 
P.O. #:
 
Site Reference:
 

Quality Assurance Report (Continued) 
Maxxam Job Number: VA807269 

QA/QC Date 
Batch Analyzed 
Num Init QC Type Parameter yyyy/mm/dd Value Recovery Units QC Limits 

2134308 JP1 RPD	 EPH (C10-C19) 2008/02/21 NC % 50
 
EPH (C19-C32) 2008/02/21 18.3 % 50
 

2134453 DJ MATRIX SPIKE Total Arsenic (As) 2008/02/21 117 % 75 - 125
 
Total Beryllium (Be) 2008/02/21 119 % 75 - 125
 
Total Cadmium (Cd) 2008/02/21 105 % 75 - 125
 
Total Chromium (Cr) 2008/02/21 101 % 75 - 125
 
Total Cobalt (Co) 2008/02/21 102 % 75 - 125
 
Total Copper (Cu) 2008/02/21 107 % 75 - 125
 
Total Lead (Pb) 2008/02/21 99 % 75 - 125
 
Total Mercury (Hg) 2008/02/21 101 % 75 - 125
 
Total Nickel (Ni) 2008/02/21 108 % 75 - 125
 
Total Selenium (Se) 2008/02/21 105 % 75 - 125
 
Total Vanadium (V) 2008/02/21 114 % 75 - 125
 
Total Zinc (Zn) 2008/02/21 111 % 75 - 125
 

QC STANDARD Total Aluminum (Al) 2008/02/21 93 % 75 - 125
 
Total Antimony (Sb) 2008/02/21 104 % 75 - 125
 
Total Arsenic (As) 2008/02/21 101 % 75 - 125
 
Total Barium (Ba) 2008/02/21 97 % 75 - 125
 
Total Beryllium (Be) 2008/02/21 109 % 75 - 125
 
Total Bismuth (Bi) 2008/02/21 94 % 75 - 125
 
Total Cadmium (Cd) 2008/02/21 92 % 75 - 125
 
Total Chromium (Cr) 2008/02/21 98 % 75 - 125
 
Total Cobalt (Co) 2008/02/21 103 % 75 - 125
 
Total Copper (Cu) 2008/02/21 98 % 75 - 125
 
Total Iron (Fe) 2008/02/21 101 % 75 - 125
 
Total Lead (Pb) 2008/02/21 97 % 75 - 125
 
Total Magnesium (Mg) 2008/02/21 101 % 75 - 125
 
Total Manganese (Mn) 2008/02/21 96 % 75 - 125
 
Total Molybdenum (Mo) 2008/02/21 92 % 75 - 125
 
Total Nickel (Ni) 2008/02/21 106 % 75 - 125
 
Total Phosphorus (P) 2008/02/21 93 % 75 - 125
 
Total Silver (Ag) 2008/02/21 101 % 75 - 125
 
Total Strontium (Sr) 2008/02/21 100 % 75 - 125
 
Total Thallium (Tl) 2008/02/21 91 % 75 - 125
 
Total Tin (Sn) 2008/02/21 101 % 75 - 125
 
Total Titanium (Ti) 2008/02/21 102 % 75 - 125
 
Total Vanadium (V) 2008/02/21 104 % 75 - 125
 
Total Zinc (Zn) 2008/02/21 100 % 75 - 125
 

SPIKE Total Arsenic (As) 2008/02/21 106 % 75 - 125
 
Total Beryllium (Be) 2008/02/21 99 % 75 - 125
 
Total Cadmium (Cd) 2008/02/21 98 % 75 - 125
 
Total Chromium (Cr) 2008/02/21 103 % 75 - 125
 
Total Cobalt (Co) 2008/02/21 101 % 75 - 125
 
Total Copper (Cu) 2008/02/21 106 % 75 - 125
 
Total Lead (Pb) 2008/02/21 100 % 75 - 125
 
Total Mercury (Hg) 2008/02/21 103 % 75 - 125
 
Total Nickel (Ni) 2008/02/21 105 % 75 - 125
 
Total Selenium (Se) 2008/02/21 102 % 75 - 125
 
Total Vanadium (V) 2008/02/21 107 % 75 - 125
 
Total Zinc (Zn) 2008/02/21 108 % 75 - 125
 

BLANK Total Aluminum (Al) 2008/02/21 <100 mg/kg
 
Total Antimony (Sb) 2008/02/21 <0.1 mg/kg
 
Total Arsenic (As) 2008/02/21 <0.2 mg/kg
 
Total Barium (Ba) 2008/02/21 <0.1 mg/kg
 
Total Beryllium (Be) 2008/02/21 <0.1 mg/kg
 

Burnaby: 8577 Commerce Court V5A 4N5 Telephone(604) 444-4808  Fax(604) 444-4511
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KERR WOOD LEIDAL 
Attention: David Matsubara 
Client Project #: 2511.001 
P.O. #:
 
Site Reference:
 

Quality Assurance Report (Continued) 
Maxxam Job Number: VA807269 

QA/QC Date 
Batch Analyzed 
Num Init QC Type Parameter yyyy/mm/dd Value Recovery Units QC Limits 

2134453 DJ BLANK Total Bismuth (Bi) 2008/02/21 <0.1 mg/kg 
Total Cadmium (Cd) 
Total Chromium (Cr) 
Total Cobalt (Co) 

2008/02/21 
2008/02/21 
2008/02/21 

<0.05 
<1 

<0.3 

mg/kg 
mg/kg 
mg/kg 

Total Copper (Cu) 
Total Iron (Fe) 

2008/02/21 
2008/02/21 

<0.5 
<100 

mg/kg 
mg/kg 

Total Lead (Pb) 
Total Magnesium (Mg) 
Total Manganese (Mn) 

2008/02/21 
2008/02/21 
2008/02/21 

<0.1 
<100 
<0.2 

mg/kg 
mg/kg 
mg/kg 

Total Mercury (Hg) 
Total Molybdenum (Mo) 

2008/02/21 
2008/02/21 

<0.05 
<0.1 

mg/kg 
mg/kg 

Total Nickel (Ni) 
Total Phosphorus (P) 
Total Potassium (K) 

2008/02/21 
2008/02/21 
2008/02/21 

<0.8 
<10 

<100 

mg/kg 
mg/kg 
mg/kg 

Total Selenium (Se) 
Total Silver (Ag) 

2008/02/21 
2008/02/21 

<0.5 
<0.05 

mg/kg 
mg/kg 

Total Sodium (Na) 
Total Strontium (Sr) 
Total Thallium (Tl) 

2008/02/21 
2008/02/21 
2008/02/21 

<100 
<0.1 

<0.05 

mg/kg 
mg/kg 
mg/kg 

Total Tin (Sn) 
Total Titanium (Ti) 

2008/02/21 
2008/02/21 

<0.1 
<1 

mg/kg 
mg/kg 

Total Vanadium (V) 
Total Zinc (Zn) 
Total Zirconium (Zr) 

2008/02/21 
2008/02/21 
2008/02/21 

<2 
<1 

<0.5 

mg/kg 
mg/kg 
mg/kg 

RPD Total Copper (Cu) 
Total Zinc (Zn) 

2008/02/21 
2008/02/21 

2.4 
2.6 

% 
% 

35 
35 

2138623 VL SPIKE Biochemical Oxygen Demand 
BLANK Biochemical Oxygen Demand 
RPD Biochemical Oxygen Demand 

2008/02/27 
2008/02/27 
2008/02/27 

<10 
0.9 

98 % 
mg/L 

% 

80 - 120 

25 
2138717 AA1 BLANK Total Calcium (Ca) 

Total Magnesium (Mg) 
2008/02/23 
2008/02/23 

<0.05 
<0.05 

mg/L 
mg/L 

Total Potassium (K) 
Total Sodium (Na) 
Total Sulphur (S) 

2008/02/23 
2008/02/23 
2008/02/23 

<0.05 
<0.05 

<3 

mg/L 
mg/L 
mg/L 

RPD Total Calcium (Ca) 
Total Magnesium (Mg) 

2008/02/23 
2008/02/23 

0.2 
0.02 

% 
% 

25 
25 

N/A = Not Applicable 
NC = Non-calculable 
RPD = Relative Percent Difference 
( 1 )    Spike invalid due to high sample concentration. 

Burnaby: 8577 Commerce Court V5A 4N5 Telephone(604) 444-4808  Fax(604) 444-4511 
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Your Project #: 2511.001 
Your C.O.C. #: F62484 

Attention: David Matsubara 
KERR WOOD LEIDAL
 
BURNABY
 
Suite 200
 
4185A Still Creek Drive
 
Burnaby, BC
 
CANADA          V5C 6G9
 

Report Date: 2008/03/10 

CERTIFICATE OF ANALYSIS 

MAXXAM JOB #: A809198 
Received: 2008/03/03, 13:25 

Sample Matrix: Water 
# Samples Received: 4 

Date Date 
Analyses Quantity Extracted Analyzed Laboratory Method Analytical Method 
Biochemical Oxygen Demand 1 N/A 2008/03/10 BRN SOP-00261 R2.0 SM 5210 
Fecal Coliform as E. Coli (MPN) 1 N/A 2008/03/03 BIO101 Rev 2.5 Based on SM-9223B 
Hardness Total (calculated as CaCO3) 1 N/A 2008/03/06 
Na, K, Ca, Mg, S by CRC ICPMS (total) 1 2008/03/04 2008/03/05 BRN SOP-00204 Based on EPA 200.8 
Elements by CRC ICPMS (total) ( 1 ) 1 2008/03/04 2008/03/05 BRN SOP-00204 Based on EPA 200.8 
PAH in Water by GC/MS (SIM) 1 2008/03/04 2008/03/05 BRN SOP-00331 R6.0 Based on EPA 8270C 
Total LMW, HMW, Total PAH Calc 1 N/A 2008/03/06 
Total Suspended Solids 1 N/A 2008/03/07 BRN SOP-00277 R2.0 Based on SM - 2540 D 

* RPDs calculated using raw data.  The rounding of final results may result in the apparent difference. 

(1) SCC/CAEAL 

Encryption Key 

Please direct all questions regarding this Certificate of Analysis to your Project Manager. 

NAMITA SAHNI, BBY Customer Service
 
Email:  namita.sahni@maxxamanalytics.com
 
Phone# (604) 444-4808 Ext:230
 

====================================================================
 
Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section
 
5.10.2 of ISO/IEC 17025:2005(E), signing the reports.   SCC and CAEAL have approved this reporting process and electronic report format. 
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Maxxam  Job  #: A809198 
Report Date: 2008/03/10 

KERR WOOD LEIDAL 
Client Project #: 2511.001 
Site Reference: 
Sampler Initials: DM 

RESULTS OF CHEMICAL ANALYSES OF WATER 

Maxxam ID     J 0 3 0 0 2     J 0 3 0 0 5 
Sampling Date 2008/03/03 2008/03/03 
COC Number F62484 F62484

 U n i t s 22ND 
& D/S 1L 

22ND &
D/S METALS 

 R D L QC Batch 

Calculated Parameters 

Total Hardness (CaCO3) mg/L 20.0 0.5 2156533 

Demand Parameters 

Biochemical Oxygen Demand mg/L <10 10 2164704 

Physical Properties 

Total Suspended Solids mg/L 56 4 2167875 

RDL = Reportable Detection Limit 
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Maxxam  Job  #: A809198 
Report Date: 2008/03/10 

KERR WOOD LEIDAL 
Client Project #: 2511.001 
Site Reference: 
Sampler Initials: DM 

ELEMENTS BY ATOMIC SPECTROSCOPY (WATER) 

Maxxam ID     J 0 3 0 0 5 
Sampling Date 2008/03/03 
COC Number F62484

 U n i t s 22ND &
D/S METALS 

 R D L QC Batch 

Total Metals by ICPMS 

Total Aluminum (Al) mg/L 1.50 0.001 2158690 

Total Antimony (Sb) mg/L 0.0013 0.0005 2158690 

Total Arsenic (As) mg/L 0.0018 0.0001 2158690 

Total Barium (Ba) mg/L 0.023 0.001 2158690 

Total Beryllium (Be) mg/L <0.0001 0.0001 2158690 

Total Bismuth (Bi) mg/L <0.001 0.001 2158690 

Total Boron (B) mg/L 0.011 0.005 2158690 

Total Cadmium (Cd) mg/L 0.00013 0.00001 2158690 

Total Chromium (Cr) mg/L 0.004 0.001 2158690 

Total Cobalt (Co) mg/L 0.0007 0.0005 2158690 

Total Copper (Cu) mg/L 0.0221 0.0002 2158690 

Total Iron (Fe) mg/L 1.83 0.005 2158690 

Total Lead (Pb) mg/L 0.0111 0.0002 2158690 

Total Manganese (Mn) mg/L 0.056 0.001 2158690 

Total Mercury (Hg) mg/L <0.00002 0.00002 2158690 

Total Molybdenum (Mo) mg/L <0.001 0.001 2158690 

Total Nickel (Ni) mg/L 0.002 0.001 2158690 

Total Selenium (Se) mg/L 0.0001 0.0001 2158690 

Total Silicon (Si) mg/L 3.1 0.1 2158690 

Total Silver (Ag) mg/L 0.00003 0.00002 2158690 

Total Strontium (Sr) mg/L 0.030 0.001 2158690 

Total Thallium (Tl) mg/L <0.00005 0.00005 2158690 

Total Tin (Sn) mg/L <0.005 0.005 2158690 

Total Titanium (Ti) mg/L 0.061 0.005 2158690 

Total Uranium (U) mg/L <0.0001 0.0001 2158690 

Total Vanadium (V) mg/L <0.005 0.005 2158690 

Total Zinc (Zn) mg/L 0.055 0.005 2158690 

Total Zirconium (Zr) mg/L <0.0005 0.0005 2158690 

Total Calcium (Ca) mg/L 6.31 0.05 2165216 

Total Magnesium (Mg) mg/L 1.02 0.05 2165216 

Total Potassium (K) mg/L 0.86 0.05 2165216 

Total Sodium (Na) mg/L 3.75 0.05 2165216 

RDL = Reportable Detection Limit 
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Maxxam  Job  #: A809198 
Report Date: 2008/03/10 

KERR WOOD LEIDAL 
Client Project #: 2511.001 
Site Reference: 
Sampler Initials: DM 

ELEMENTS BY ATOMIC SPECTROSCOPY (WATER) 

Maxxam ID     J 0 3 0 0 5 
Sampling Date 2008/03/03 
COC Number F62484

 U n i t s 22ND &
D/S METALS 

 R D L QC Batch 

Total Sulphur (S) mg/L <3 3 2165216 

RDL = Reportable Detection Limit 
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Maxxam  Job  #: A809198 
Report Date: 2008/03/10 

KERR WOOD LEIDAL 
Client Project #: 2511.001 
Site Reference: 
Sampler Initials: DM 

MICROBIOLOGY (WATER) 

Maxxam ID     J 0 3 0 0 4 
Sampling Date 2008/03/03 
COC Number F62484

 U n i t s 22ND &
D/S FECAL 

 R D L QC Batch 

Microbiological  Param. 

Fecal Coliform as E. Coli MPN/100mL >2400 1 2158314 

RDL = Reportable Detection Limit 
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Maxxam  Job  #: A809198 
Report Date: 2008/03/10 

KERR WOOD LEIDAL 
Client Project #: 2511.001 
Site Reference: 
Sampler Initials: DM 

TOTAL PAH - WATER (WATER) 

Maxxam ID     J 0 3 0 0 3 
Sampling Date 2008/03/03 
COC Number F62484

 U n i t s 22ND
& D/S PAH 

 R D L QC Batch 

Polycyclic Aromatics 

Low Molecular Weight PAH`s ug/L 0.38 0.05 2158119 

High Molecular Weight PAH`s ug/L 0.88 0.02 2158119 

Total PAH ug/L 1.3 0.05 2158119 

Naphthalene ug/L 0.03 0.01 2159462 

2-Methylnaphthalene ug/L 0.03 0.01 2159462 

Quinoline ug/L 0.06 0.05 2159462 

Acenaphthylene ug/L 0.01 0.01 2159462 

Acenaphthene ug/L 0.01 0.01 2159462 

Fluorene ug/L 0.03 0.01 2159462 

Phenanthrene ug/L 0.16 0.01 2159462 

Anthracene ug/L 0.05 0.01 2159462 

Acridine ug/L <0.05 0.05 2159462 

Fluoranthene ug/L 0.19 0.01 2159462 

Pyrene ug/L 0.20 0.01 2159462 

Benzo(a)anthracene ug/L 0.05 0.01 2159462 

Chrysene ug/L 0.08 0.01 2159462 

Benzo(b&j)fluoranthene ug/L 0.07 0.01 2159462 

Benzo(k)fluoranthene ug/L 0.06 0.01 2159462 

Benzo(a)pyrene ug/L 0.08 0.01 2159462 

Indeno(1,2,3-cd)pyrene ug/L 0.06 0.02 2159462 

Dibenz(a,h)anthracene ug/L <0.02 0.02 2159462 

Benzo(g,h,i)perylene ug/L 0.09 0.02 2159462 

Surrogate Recovery (%) 

D10-ANTHRACENE (sur.) % 75 2159462 

D12-BENZO(A)PYRENE (sur.) % 73 2159462 

D8-ACENAPHTHYLENE (sur.) % 68 2159462 

TERPHENYL-D14 (sur.) % 73 2159462 

RDL = Reportable Detection Limit 
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General Comments 

Results relate only to the items tested. 
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KERR WOOD LEIDAL 
Attention: David Matsubara 
Client Project #: 2511.001 
P.O. #:
 
Site Reference:
 

Quality Assurance Report 
Maxxam Job Number: VA809198 

QA/QC Date 
Batch Analyzed 
Num Init QC Type Parameter yyyy/mm/dd Value Recovery Units QC Limits 

2158314 SL7 BLANK Fecal Coliform as E. Coli 2008/03/03 <1 MPN/100mL 
2158690 AA1 MATRIX SPIKE Total Arsenic (As) 2008/03/05 103 % 75 - 125 

Total Beryllium (Be) 2008/03/05 101 % 75 - 125 
Total Cadmium (Cd) 2008/03/05 97 % 75 - 125 
Total Chromium (Cr) 2008/03/05 112 % 75 - 125 
Total Cobalt (Co) 2008/03/05 109 % 75 - 125 
Total Copper (Cu) 2008/03/05 111 % 75 - 125 
Total Lead (Pb) 2008/03/05 102 % 75 - 125 
Total Nickel (Ni) 2008/03/05 107 % 75 - 125 
Total Selenium (Se) 2008/03/05 101 % 75 - 125 
Total Uranium (U) 2008/03/05 115 % 75 - 125 
Total Vanadium (V) 2008/03/05 112 % 75 - 125 
Total Zinc (Zn) 2008/03/05 102 % 75 - 125 

SPIKE Total Arsenic (As) 2008/03/05 98 % 75 - 125 
Total Beryllium (Be) 2008/03/05 104 % 75 - 125 
Total Cadmium (Cd) 2008/03/05 98 % 75 - 125 
Total Chromium (Cr) 2008/03/05 98 % 75 - 125 
Total Cobalt (Co) 2008/03/05 98 % 75 - 125 
Total Copper (Cu) 2008/03/05 102 % 75 - 125 
Total Lead (Pb) 2008/03/05 102 % 75 - 125 
Total Nickel (Ni) 2008/03/05 99 % 75 - 125 
Total Selenium (Se) 2008/03/05 102 % 75 - 125 
Total Uranium (U) 2008/03/05 104 % 75 - 125 
Total Vanadium (V) 2008/03/05 96 % 75 - 125 
Total Zinc (Zn) 2008/03/05 102 % 75 - 125 

BLANK Total Aluminum (Al) 2008/03/05 <1 ug/L 
Total Antimony (Sb) 2008/03/05 <0.5 ug/L 
Total Arsenic (As) 2008/03/05 <0.1 ug/L 
Total Barium (Ba) 2008/03/05 <1 ug/L 
Total Beryllium (Be) 2008/03/05 <0.1 ug/L 
Total Bismuth (Bi) 2008/03/05 <1 ug/L 
Total Boron (B) 2008/03/05 <5 ug/L 
Total Cadmium (Cd) 2008/03/05 <0.01 ug/L 
Total Chromium (Cr) 2008/03/05 <1 ug/L 
Total Cobalt (Co) 2008/03/05 <0.5 ug/L 
Total Copper (Cu) 2008/03/05 <0.2 ug/L 
Total Iron (Fe) 2008/03/05 <5 ug/L 
Total Lead (Pb) 2008/03/05 <0.2 ug/L 
Total Manganese (Mn) 2008/03/05 <1 ug/L 
Total Mercury (Hg) 2008/03/05 <0.02 ug/L 
Total Molybdenum (Mo) 2008/03/05 <1 ug/L 
Total Nickel (Ni) 2008/03/05 <1 ug/L 
Total Selenium (Se) 2008/03/05 <0.1 ug/L 
Total Silicon (Si) 2008/03/05 <100 ug/L 
Total Silver (Ag) 2008/03/05 <0.02 ug/L 
Total Strontium (Sr) 2008/03/05 <1 ug/L 
Total Thallium (Tl) 2008/03/05 <0.05 ug/L 
Total Tin (Sn) 2008/03/05 <5 ug/L 
Total Titanium (Ti) 2008/03/05 <5 ug/L 
Total Uranium (U) 2008/03/05 <0.1 ug/L 
Total Vanadium (V) 2008/03/05 <5 ug/L 
Total Zinc (Zn) 2008/03/05 <5 ug/L 
Total Zirconium (Zr) 2008/03/05 <0.5 ug/L 

RPD Total Aluminum (Al) 2008/03/05 7.1 % 25 
Total Antimony (Sb) 2008/03/05 NC % 25 

Burnaby: 8577 Commerce Court V5A 4N5 Telephone(604) 444-4808  Fax(604) 444-4511 
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KERR WOOD LEIDAL 
Attention: David Matsubara 
Client Project #: 2511.001 
P.O. #:
 
Site Reference:
 

Quality Assurance Report (Continued) 
Maxxam Job Number: VA809198 

QA/QC Date 
Batch Analyzed 
Num Init QC Type Parameter yyyy/mm/dd Value Recovery Units QC Limits 

2158690 AA1 RPD Total Arsenic (As) 2008/03/05 NC % 25
 
Total Barium (Ba) 2008/03/05 0.3 % 25
 
Total Beryllium (Be) 2008/03/05 NC % 25
 
Total Bismuth (Bi) 2008/03/05 NC % 25
 
Total Boron (B) 2008/03/05 NC % 25
 
Total Cadmium (Cd) 2008/03/05 NC % 25
 
Total Chromium (Cr) 2008/03/05 NC % 25
 
Total Cobalt (Co) 2008/03/05 NC % 25
 
Total Copper (Cu) 2008/03/05 2.5 % 25
 
Total Iron (Fe) 2008/03/05 5.7 % 25
 
Total Lead (Pb) 2008/03/05 6.3 % 25
 
Total Manganese (Mn) 2008/03/05 NC % 25
 
Total Molybdenum (Mo) 2008/03/05 NC % 25
 
Total Nickel (Ni) 2008/03/05 NC % 25
 
Total Selenium (Se) 2008/03/05 NC % 25
 
Total Silicon (Si) 2008/03/05 2.5 % 25
 
Total Silver (Ag) 2008/03/05 NC % 25
 
Total Strontium (Sr) 2008/03/05 1.1 % 25
 
Total Thallium (Tl) 2008/03/05 NC % 25
 
Total Tin (Sn) 2008/03/05 NC % 25
 
Total Titanium (Ti) 2008/03/05 NC % 25
 
Total Uranium (U) 2008/03/05 NC % 25
 
Total Vanadium (V) 2008/03/05 NC % 25
 
Total Zinc (Zn) 2008/03/05 NC % 25
 
Total Zirconium (Zr) 2008/03/05 NC % 25
 

2159462 SY MATRIX SPIKE D10-ANTHRACENE (sur.) 2008/03/05 77 % 30 - 130
 
D12-BENZO(A)PYRENE (sur.) 2008/03/05 75 % 30 - 130
 
D8-ACENAPHTHYLENE (sur.) 2008/03/05 73 % 30 - 130
 
TERPHENYL-D14 (sur.) 2008/03/05 73 % 30 - 130
 
Naphthalene 2008/03/05 82 % 40 - 130
 
2-Methylnaphthalene 2008/03/05 74 % 40 - 130
 
Quinoline 2008/03/05 109 % 40 - 130
 
Acenaphthylene 2008/03/05 77 % 40 - 130
 
Acenaphthene 2008/03/05 82 % 40 - 130
 
Fluorene 2008/03/05 81 % 40 - 130
 
Phenanthrene 2008/03/05 96 % 40 - 130
 
Anthracene 2008/03/05 83 % 40 - 130
 
Acridine 2008/03/05 93 % 40 - 130
 
Fluoranthene 2008/03/05 83 % 40 - 130
 
Pyrene 2008/03/05 83 % 40 - 130
 
Benzo(a)anthracene 2008/03/05 76 % 40 - 130
 
Chrysene 2008/03/05 78 % 40 - 130
 
Benzo(b&j)fluoranthene 2008/03/05 82 % 40 - 130
 
Benzo(k)fluoranthene 2008/03/05 87 % 40 - 130
 
Benzo(a)pyrene 2008/03/05 89 % 40 - 130
 
Indeno(1,2,3-cd)pyrene 2008/03/05 84 % 40 - 130
 
Dibenz(a,h)anthracene 2008/03/05 84 % 40 - 130
 
Benzo(g,h,i)perylene 2008/03/05 83 % 40 - 130
 

SPIKE D10-ANTHRACENE (sur.) 2008/03/05 79 % 30 - 130
 
D12-BENZO(A)PYRENE (sur.) 2008/03/05 81 % 30 - 130
 
D8-ACENAPHTHYLENE (sur.) 2008/03/05 74 % 30 - 130
 
TERPHENYL-D14 (sur.) 2008/03/05 76 % 30 - 130
 
Naphthalene 2008/03/05 65 % 40 - 130
 
2-Methylnaphthalene 2008/03/05 64 % 40 - 130
 
Quinoline 2008/03/05 98 % 40 - 130
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KERR WOOD LEIDAL 
Attention: David Matsubara 
Client Project #: 2511.001 
P.O. #:
 
Site Reference:
 

Quality Assurance Report (Continued) 
Maxxam Job Number: VA809198 

QA/QC Date 
Batch Analyzed 
Num Init QC Type Parameter yyyy/mm/dd Value Recovery Units QC Limits 

2159462 SY SPIKE Acenaphthylene 2008/03/05 71 % 40 - 130 
Acenaphthene 2008/03/05 73 % 40 - 130 
Fluorene 2008/03/05 70 % 40 - 130 
Phenanthrene 2008/03/05 77 % 40 - 130 
Anthracene 2008/03/05 76 % 40 - 130 
Acridine 2008/03/05 83 % 40 - 130 
Fluoranthene 2008/03/05 75 % 40 - 130 
Pyrene 2008/03/05 77 % 40 - 130 
Benzo(a)anthracene 2008/03/05 72 % 40 - 130 
Chrysene 2008/03/05 74 % 40 - 130 
Benzo(b&j)fluoranthene 2008/03/05 79 % 40 - 130 
Benzo(k)fluoranthene 2008/03/05 83 % 40 - 130 
Benzo(a)pyrene 2008/03/05 86 % 40 - 130 
Indeno(1,2,3-cd)pyrene 2008/03/05 82 % 40 - 130 
Dibenz(a,h)anthracene 2008/03/05 81 % 40 - 130 
Benzo(g,h,i)perylene 2008/03/05 81 % 40 - 130 

BLANK D10-ANTHRACENE (sur.) 2008/03/05 80 % 30 - 130 
D12-BENZO(A)PYRENE (sur.) 2008/03/05 80 % 30 - 130 
D8-ACENAPHTHYLENE (sur.) 2008/03/05 75 % 30 - 130 
TERPHENYL-D14 (sur.) 2008/03/05 78 % 30 - 130 
Naphthalene 2008/03/05 <0.01 ug/L 
2-Methylnaphthalene 2008/03/05 <0.01 ug/L 
Quinoline 2008/03/05 <0.05 ug/L 
Acenaphthylene 2008/03/05 <0.01 ug/L 
Acenaphthene 2008/03/05 <0.01 ug/L 
Fluorene 2008/03/05 <0.01 ug/L 
Phenanthrene 2008/03/05 <0.01 ug/L 
Anthracene 2008/03/05 <0.01 ug/L 
Acridine 2008/03/05 <0.05 ug/L 
Fluoranthene 2008/03/05 <0.01 ug/L 
Pyrene 2008/03/05 <0.01 ug/L 
Benzo(a)anthracene 2008/03/05 <0.01 ug/L 
Chrysene 2008/03/05 <0.01 ug/L 
Benzo(b&j)fluoranthene 2008/03/05 <0.01 ug/L 
Benzo(k)fluoranthene 2008/03/05 <0.01 ug/L 
Benzo(a)pyrene 2008/03/05 <0.01 ug/L 
Indeno(1,2,3-cd)pyrene 2008/03/05 <0.02 ug/L 
Dibenz(a,h)anthracene 2008/03/05 <0.02 ug/L 
Benzo(g,h,i)perylene 2008/03/05 <0.02 ug/L 

RPD Naphthalene 2008/03/05 NC % 40 
2-Methylnaphthalene 2008/03/05 NC % 40 
Quinoline 2008/03/05 NC % 40 
Acenaphthylene 2008/03/05 NC % 40 
Acenaphthene 2008/03/05 NC % 40 
Fluorene 2008/03/05 NC % 40 
Phenanthrene 2008/03/05 NC % 40 
Anthracene 2008/03/05 2.3 % 40 
Acridine 2008/03/05 NC % 40 
Fluoranthene 2008/03/05 4.1 % 40 
Pyrene 2008/03/05 5.5 % 40 
Benzo(a)anthracene 2008/03/05 NC % 40 
Chrysene 2008/03/05 NC % 40 
Benzo(b&j)fluoranthene 2008/03/05 6.9 % 40 
Benzo(k)fluoranthene 2008/03/05 4.6 % 40 
Benzo(a)pyrene 2008/03/05 3.6 % 40 
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KERR WOOD LEIDAL 
Attention: David Matsubara 
Client Project #: 2511.001 
P.O. #:
 
Site Reference:
 

Quality Assurance Report (Continued) 
Maxxam Job Number: VA809198 

QA/QC Date 
Batch Analyzed 
Num Init QC Type Parameter yyyy/mm/dd Value Recovery Units QC Limits 

2159462 SY RPD Indeno(1,2,3-cd)pyrene 2008/03/05 NC % 40 

2164704 VL SPIKE 

Dibenz(a,h)anthracene 
Benzo(g,h,i)perylene 
Biochemical Oxygen Demand 

2008/03/05 
2008/03/05 
2008/03/10 

NC 
NC 

103 

% 
% 
% 

40 
40 

80 - 120 
BLANK 
RPD 

Biochemical Oxygen Demand 
Biochemical Oxygen Demand 

2008/03/10 
2008/03/10 

<10 
10.6 

mg/L 
% 25 

2165216 AA1 BLANK Total Calcium (Ca) 
Total Magnesium (Mg) 
Total Potassium (K) 

2008/03/05 
2008/03/05 
2008/03/05 

<0.05 
<0.05 
<0.05 

mg/L 
mg/L 
mg/L 

Total Sodium (Na) 
Total Sulphur (S) 

2008/03/05 
2008/03/05 

<0.05 
<3 

mg/L 
mg/L 

RPD Total Calcium (Ca) 
Total Magnesium (Mg) 
Total Potassium (K) 

2008/03/05 
2008/03/05 
2008/03/05 

4.8 
1.3 
1.5 

% 
% 
% 

25 
25 
25 

Total Sodium (Na) 
Total Sulphur (S) 

2008/03/05 
2008/03/05 

2.0 
NC 

% 
% 

25 
25 

2167875 LL4 MATRIX SPIKE 
SPIKE 
BLANK 

Total Suspended Solids 
Total Suspended Solids 
Total Suspended Solids 

2008/03/07 
2008/03/07 
2008/03/07 <4 

100 
107 

% 
% 

mg/L 

N/A 
N/A 

RPD Total Suspended Solids 2008/03/07 NC % 25 

N/A = Not Applicable 
NC = Non-calculable 
RPD = Relative Percent Difference 
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